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PREFACE. 



In order to facilitate the calculation attending the construc- 
tion of Wrought Iron and Steel Riveted Girders, the author 
has endeavored in this work to supply the link which separates 
Theory from Practice. Its object may be briefiy stated. A 
riveted girder is to be designed ; the span, depth, and loads are 
known, the strains are calculated by the well-known bending- 
moment formulcE, and largely by the graphic method ; lastly, 
the details of construction are fully illustrated. 

Touching the question of accuracy, it is scarcely necessary 
to notice the slight difference that may arise between the two 
methods, i.e., working out the usual formulcG, or by measuring 
from the graphic diagrams. The time consumed in wading 
through a complicated seHes of equations to reach a few meas- 
urements is objectionable when at least such measurements 
can at once be had by the graphic method. 

This work does not investigate exceptional or extremely 
scientific riveted girders, but more especially those of a type 
now extensively adopted and constructed by well-known archi- 
tectural iron workers. 

The diagrams and the various examples explaining the 
Author's method are submitted to architects and architectural 
students with the hope that they will become a medium of use- 
fulness to them in the routine of office work. 

William H. Birkmire. 

Nbw York, 1S93. 
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PART I. 

THE STRAINS IN COMPOUND RIVETED GIRDERS. 

For buildings, as well as railway and highway bridges, there 
is probably 'no other form of girders more extensively used 
than those made up of plates and angles, called Compound 
Riveted Girders. 

Some of the principal reasons for this lies mainly in the 
simplicity of their construction ; they can be adopted for any 
load or number of loads, and accommodated to any span 
usually met with in the construction. 

The single web or plate girder is more economical, more 
accessible for painting and inspection. Formed of a single web 
and (our angles, as Fig. i, suitable for light loads and short 
spans ; for heavier loads a single plate is added to the top 
and bottom flanges, as shown in Fig. 2 ; for still heavier loads 
additional plates, as in Fig. 3. 



iiinm 



Where thick walls are to be supported and lateral stiffness 
is required, the double web or box girder, Fig. 4, or the triple 
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2 COMPOVND RIVETED GIRDERS. 

web. Fig. S, is employed. It also becomes necessary in manv 
cases to place two plate or two box girders side by side. 

The box girders as represented in.section, Fig. 4, is consid- 
'ered superior to the plate girders represented in Figs, i, 2, and 

3 ; but the preference should be given the latter on account 
of its simplicity of construction, and although inferior in 
strength to the box girder it has nevertheless other valuable 
properties to recommend it. 

On comparing the strengths of these separate girders, weight 
for weight, it will be found that the box girder is as i to .9;, 
or nearly as lOO to 90. The difference in strength does not 
arise from want of proportion in the top and bottom section 
of either girder, but from the position of the material ; which 
In that of the box girder offers greatly superior powers of re- 
sistance to lateral flexure. The box girder, it will be observed, 
contains larger exterior sectional area, and is consequently 
stiffer and better calculated to resist lateral stress, in which 
direction the plate girder generally yields before its other re- 
sisting powers of tension and compression can be brought fully 
into action. Taking this girder, however, in a position similar 
to that in which it is used in supporting floor-beams and floor- 
arches of buildings, its strength is very nearly equal to that 01 
the box shape, and, as previously mentioned, is of more simple 
construction, less expensive, and more durable, from the cir- 
cumstance that the web-plate is thicker than the web-plates 
of the box girder, and it admits of easy access to all its parts 
for purposes of painting, etc. 

Bending Moments. — Generally, the strength of a com- 
pound riveted girder is founded on the equality that must 
always exist between the resultant of the various loads tending 
to cause its rupture and the strength of the material of which 
the girder is composed. The former may be resolved horizon- 
tally into strains, depending for their value upon what are 
known as moments of rupture, bending moments, or leverage, of 
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THE STRAINS IN COMPOUND RIVETED GIRDERS. % 

greater or less complexity, tending to cause the failure of the 
girder by tearing asunder its fibres in the bottom flange, crush* 
ing them together in th6 top flange, and v'ertically upon the 
web into what are known as shearing forces, due to the trans- 
mission of the vertical pressure of the loads to the points of 
support. 

The strain produced in the flanges is resisted by a leverage 
equal to the depth of the girder, that is, between the centre of 
gravity of the flanges, and the amount per square inch of sec- 
tion with which the metal may be safely trusted. 



Q 



Q 



The bending moment is a compound quantity resulting 
from the multiplication of.a force by a distance, and desig- 
nated by the letter M. The forces are expressed in tons or 
pounds, and the distances in feet or inches; then the bending 
moments are in ton-feet or pound-inches. 



@ 



If * or a is the arm of leverage. Fig. 6, and a load R or R 
atts for a distance from W, M 2X iV is equal to the load R 
or R' multiplied by the distance 6 or a. 

Then M=Rb or R-a. 

The direction of the stresses upon the girder are vertical, 
those at the ends being downwards, while that at the middle Is 
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I 4 COMPOUND RIVETED GIRDERS. 

upwards. In Fig. 7 we have a girder supported at both ends, 
and a load W resting upon the middle of its length. Compar- 
ing this with Fig, 6, we see that the stresses here are also verti- 
cal* but in reversed order, the one at the middle being 
downwards, while those at the end are upwards. In other re- 
spects we have the same conditions as in Fig. 6. 

M does not represent strain, being independent of depth, 
but is converted into flange strain by dividing by the 
depth ; the strain then found, divided by the maximum unit 
strain, determines the number of square inches to be given to 
the flanges. 

The maximum unit strain herein adopted is 6 tons (12,000 
pounds) per square inch for wrought-iron and 7 tons (14,000 
pounds) for steel. 

Here A = Area of flange d = depth in feet, s = unit strain 
in tons, and M = bending moment. Then 



Flanges. —Compound girders are unlike rolled beams, in 
which every fibre is connected ; but have strains transmitted 
only through rivets which are distributed only at certain dis- 
tances apart ; consequently the flange angles are at every point 
more or less subjected to strains in addition to their own. 
This additional strain will evidently increase with the amount 
of plates. It is good practice, therefore, to make the girder so 
deep that the flanges do not require a number of plates to be 
packed one upon another, and then to choose angles as heavy 
as possible consistent with the total flange area required. 

* " We have to distinguish between the outer forces which may act at various 
portions of the girder lending to cause motion of its parts, and ihe inner forces 
which prevent this motion. The first we may call stresses, and the second 
strains. We therefore spealc of the ' stresses * »/if» a girder and the 'strains' 
>» a gilder." 
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THE STRAINS IN COMPOUND RIVETED GIRDERS. 5 

In order tp give the single-web girders the greatest amount 
of resistance, it is usual to use angles with unequal legs with 
the longer leg horizontal. 

It sometimes becomes important to have the plates of the 
top flange extend from end to end, even when angles may be 
found which alone are sufficient to make up the required sec- 
tion, as it gives great lateral stiffness to the flange, and also 
helps to distribute the stress more uniformly than with the 
angles alone. 

In box girders the flange plate adjoining the angles are 
required to extend from end to end. 

In making up the bottom flange, rivet-holes must be de- 
ducted to obtain the net section, and in so doing the diameter 
of the rivet-hole should be taken at least J inch larger ; this 
latter provides to a certain extent (or the damage done to the 
strength of the metal in the process of punching or drilling. 

For the top flange the gross sectional area may be taken 
as making up the same, providing the riveting is well done, 
i,e., the rivet completely filling up its own hole. 

Shearing Forces on the Webs.— It is by the law of the 
lever that we are enabled to determine precisely what portion 
of a given load resting upon a girder is sustained by either 
point of support ; the loads balancing each other at either end 



— '- - — i 



of a girder, or lever, on any point are to each other inversely 
as their distances (called lever arms) from the point or ful- 
crum. 

For example: suppose we have a girder held up as in 
Fig. 8, with a load at either end, the point of support being to 
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6 COMPOUND RIVETED GISDESS. 

one side of the centre, say oiie-fourth of the lever arm from one 
end. In order that the lever be balanced, the load at W must 
be one-fourth the sum of Wand W", and that at IV three- 
fourths that sum, for W multiplied by }i must always equal 
W ]Ti ultiplied by \L, and the sustaining force P must of course 
equal the sum of Wand W. 

Again : supposing that there is one load as in Fig. 9. This 



_® 



'%i-V^' 



condition is the same as before, only reversed ; and, according 
to the law of the lever, we find that for equilibrium a- force must 
be applied to R equal to JW. This example is precisely the 
same as that of a girder, only R and R' are now called reactions^ 
of the supports, the sum of which must always be equal to the 
load or number of loads causing them. 

In order, then, to know just how much of the load or num. 
ber of loads at any point of the girder is supported by jither 
support, all that is necessary to be done is to multiply the 
shorter or longer distance by the load and divide the product 
by the span L. 

^) 



^ 



^i^iy 



Example : Suppose we have a girder R and R', Fig. 10, of 25 
feet span, and there is a load of 20 tons 5 feet from R'. Then 
<ach sustains a certain amount of this load proportionately to 
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its distance from the load, the sum of the reactions being equal 
to the load, 

20X 5 



: 4 tons ; 



20 X 20 



The most practical way of proportioning the web Is then 
to make its section sufficient to resist this entire shearing force 
at either end of the girder. Under the supposition that the 
flanges alone resist the entire bending moment, and the web 
only the shearing action, the following formula can be 
adopted : 

Let S = shearing stress ; 

A = area at point of stress ; 
K = effective resistance to shearing ; 
/ = thickness of web ; ; 

</ ^ depth of web in inches. , 

A^tti and 5 = Jktd, or i = ~. 

The safe shear on the'webs per square inch herein adopted 
is 6000 lbs. for wrought-iron and 7CXX) lbs. for steel. 

Example. — Suppose we take the above wrought-iron plate 
girder. Fig. 10, and have 16 tons (32,000 lbs.) shear on the 
web at R' support, the web being 12 inches in depth. 

^ = -ji = — - — > = 44 — more than A- of an inch in 

dk 12 X 6000 " 

thickness. 

Buckling of Web. — The web is still in danger of buckling 

under this compression stress; consequently the web with its 

thickness as already proportioned for shearing must now be 

examined for its strength as a column. The depth being the 

vertical distance between the upper and lower rows of rivets in 
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8 COMPOUND RIVETED GIRDERS. 

the web (but to facilitate the calculation the height will be 
taken the full depth of web). This condition is attained when 
the shear per square inch of cross-section at any point 
does not exceed 

The safe resistance to buckling per square inch = ^j— , 

' ' 3000/" 
when ti and / are the depth and thickness of web in inches. 

Stiffeners. — If the result obtained by the above formula is 
less than that adopted by our safe shear, vertical angles or 
stiffeners are riveted each side of the web at intervals. They 
should always be used at the bearings and where concentrated 
loads occur. 

The spacing of stiffeners is more a matter of experimental 
judgment than of mere calculation. Of several rules given by 
engineers, one Js, " that stiffeners in girders over three feet in 
depth shall be placed at distances apart (centre to centre) 
generally not exceeding the depth of the full web-plate, with 
the maximum limit of 5 feet." 

In girders under 3 feet in depth stiffeners may be placed 
3 feet apart, and in some special cases where there is little or 
no shearing, at greater distances. This refers, of course, to 
those parts of the girders where there are no concentrated loads. 

Another rule worthy of notice says "that when the least 
thickness of web is less than ^ the depth of the girder, the 
web shall be stiEFened at intervals not over twice the depth." 

Riveting. — The rivets in girder work are generally the 
same size as those adopted for boiler work, i.e., }", J", and i" 
in diameter; but as girders do not require caulking like a boiler, 
the pitch or distance of rivets from centre to centre is much 
greater, and usually varies from 2J diameters to 16 times the 
thickness of the outside plate joined. By diameters is under- 
stood the diameter of the shank. When the edges .of the plate 
are often roughly shorn, the margin, or distance between the 



ovGoO'^lc 



THE STRAmS IN COMPOUND KIVETED GIRDERS. 9 

rivet-hole and edge of the plate, is seldom less than 1} times the 
diameter of the rivet. As the effect of punching is to weaken 
the plate some distance all round the punched hole, the 
above proportions should be adopted. 

Nearly all experimenters on the subject agree that punch- 
ing generally reduces the tenacity of iron and steel plates to a 
greater degree than the area of the metal punched out, and a 
close examination of the border of each hole shows that it has 
been subject to a certain degree of rupture, which in most cases 
has reduced the ductility of the metal and made it wholly 
crystalline in fracture, and as some may suppose caused cracks 
round the edge of the hole; but this latter seems doubtful, as 
Mr. Gerhard (see Experiments in Stoney's Riveted Joints) 
instituted an investigation as to whether there was any founda- 
tion for the very generally received opinion that the edges of 
a punched hole on the die side are injured by a ring of minute 
incipient cracks. For this purpose a lai^e number of specimens 
5 inches by 3 inches by ^ inch of all kinds of steel were pre- 
pared. The edges were planed, the surfaces polished, holes 
were pierced in various ways, and the metal surrounding them 
was carefully examined with a microscope, but no trace whaL 
ever of cracks was found, though the nature of the steel 
ranged from 0.1 to 0.6 per cent of carbon. Owing to its hard- 
ness and inability to stretch, this annulus of strained material 
round the punched holes, when the specimen is under tension, 
takes a higher proportion of the stress than the other more 
yielding parts, and hence it reaches the breaking point sooner, 
that is, the punched plate breaks in detail: first the annulus 
gives way, and then the more ductile portion between the 
holes. Reaming or boring out a zone of metal \ inch wide 
round the punched hole removes the annulus of strained ma- 
terial and neutralizes the effect of punching. In numerous 
experiments on the subject the loss of tenacity in iron plates 
from punching varies from 5 to 23 per cent of the original 
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strength of the solid plate, but the percentage in any particular 
case will doubtless depend (ist) on the diameter of the hole& ; 
(2d) on the pitch; (3d) on the width of the strip punched, for 
wide plates are apparently less injured than narrow strips; 
(4th) on the condition of the punching tool — i.e., the sharpness 
of its cutting edges — and the maintenance of the proportion ol 
size between the punch and the <^(V,-(5th) on the quality and 
thickness of the metal, hard iron generally suffering more than 
ductile iron, and thin plates less than thick ones. Probably 
the most accurate method for making an allowance for the in. 
jurious effect of punching is to allow a certain percentage when 
calculating the effective net area of a punched plate, and, as 
heretofore mentioned under Flanges, page S, ^of an inch more 
than the diameter of the rivet is adopted. 

Friction of Plates. — Rivets contract in cooling and draw 
the plates together with such force that the friction produced 
between their surfaces is generally sufficient to prevent them 
from sliding over each other so long as the stress Ues within 
limits which are not exceeded in ordinary practice. 

The friction of plates is an important factor in boiler work ; 
and as it is usual, to test them hydraulically, to double their 
working pressure, the joints are so designed that this water 
test, as well as the expansion and contraction due to changes 
in temperature, will not cause the joints to slip. Though the 
friction of riveted plates may be sufficient to convey the normal 
working load without subjecting the rivets to a shearing stress, 
it does not follow, nor do experiments indicate, that the ultimate 
strength of a riveted joint is increased by this friction. 

When several plates are riveted together with numerous 
rivets, as in the piled flanges of a girder, the slipping of platos 
does not seem to have occurred in Mr. Baker's experiments, tor 
with two wrought-iron girders with 5 and 8 plates, respectively, 
in their flanges, each 20 feet span and 2 feet in depth, which he 
tested to failure, there was no movement in.vthe flanges, and 
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the pile of plates behaved almost like a welded mass of iron, 
and Mr. Baker states "that he invariably found that badly 
punched girders, with the holes partly blind and the rivets 
tight but not filling the holes, deflected neither more nor less 
than the most accurately drilled work." 

Whatever value may justly be attached to the above, an 
inspection of the riveted joint when being tested to destruction 
dispels all idea of the ultimate stress being in any degree 
affected by it ; for when the stress is considerable, the joints 
open at each end of the plates, and the higher the stress the 
greater the amount of opening is observed. Under such condi- 
tions it is not customary to take into consideration the friction 
of the joints. 

Proportioning Rivets.— Rivets, as used for girders, must 
be proportioned to resist shearing, and the area of their bearing 
must be such that the metal against which they bear shall not 
be crushed. The stresses allowed on these members are : shear- 
ing, 7500 to 9CX)0 pounds, and crushing, 15,000 pounds per 
square inch. 

The shearing strain is measured on the area of the cross- 
section of the rivet ; the crushing, on the area obtained by the 
product of the diameter of the rivet by the thickness of the 
lueb or plate upon which it bears. 

To illustrate the shearing and bearing area of a rivet, we 
take for example two plates of wrought-iron 8 inches wide by 
\ inch thick, which overlap each other for a joint, with 45,000 
pounds strain on the plates ; what number of rivets will be re- 
quired to resist the strain on the joint? 

The area of a rivet jof an inch in diameter is 0.441 7 square 
inches; this multiplied by 7500 pounds, the safe shearing, = 
3312.75 pounds, the safe amount of strain each rivet can sus- 
tain without shearing; dividing 45,000 by this, we get 13.6, say 
14 rivets, as shown in single shear. Fig. 11. If constructed as 
shown in Fig. 12, as in the flange of a plate girder, the rivets 
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would be ill double sitear and have twice the value ; then 7 rivets 
would be sufficient. 




In box girders, as Fig. \2a, the rivets connecting the angles 
with the webs are in single shear. 

The bearing area of each rivet is f inch by \ inch = -f square 
inch; this multiplied by iS,ocx> pounds for crushing would 
equal 5625 ppunds. Dividing45,ocx>by this we obtain 8 rivets. 
This latter calculation should not be overlooked in riveted 
work. Its observance in most cases of riveted girders with 
single webs gives the size and number of rivets to be used, and 
in thin webs the bearing area may be small, necessitating a 
thicker web than would otherwise be required. 

Rivets Connecting Web with Flanges. — The strain 
which the rivets connecting the web and flanges sustain is 
evidently due to the strain which is transmitted from one to the 
other ; this strain is horizontal, and is the maximum increment 
of flange strain at every section of the girder, and is found by 
dividing the maximum shear at any point by the height of the 
girder. 

For example: suppose a girder of 24 feet span (Fig. 13), 3 
feet in depth, sustains a load of 150,000 pounds uniformly dis- 
tributed over its whole length. Tak- 
half the load over half the girder, at 



S 



34 si*i*-^ '^^ support R' the shearin ^ strain is 

'*■• *i 75,000 pounds or half the w .ole load : 

P""*- "J- at d or 3 feet it is equal to J of half 

the load or 56,250 pounds ; at * or 6 feet it is equal to J of half 

the load or 37,500 pounds ; at t or 9 feet it is equal to i of hall 
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the load or 18,750 pounds; at 12 feet or the centre it is zero: 
from which we can now obtain the flange strain by dividing by 
the height, and again by 12 inches to get the pounds per Inch 
of run. 




18750 , „ „ 

The result thus obtained is then for the shear on the rivets. 
If the girder has a single web, as in a plate girder, we will take 
its bearing value, using a | web and a f-diameter rivet. 

The value of each rivet would be 15,000 X J X I = 492O 
pounds. Then at the end where we have the stress of 2083 
pounds per inch run, we must therefore space rivets : 

4020 , , , 

at support = r-Q- = 2f inches centre to centre; 

- = fi^ = 3* " 

«* = ^^ = ^i 

a.. = f^ = *" ■• - " 

But as we have exceeded our limit at c, we will require the 
spacing from c to middle of girder to be 6 inches centres. 
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In order that rivets in the two legs of the angle should 
stagger each other, both l^s must have the same spacing ; and 
in order that the rivets may lie in straight lines vertical and 
horizontal, the top and bottom rows should be spaced alike. 
In fact, the spacing in top and bottom flanges for practical 
considerations are similar. 

Generally the vertical in addition to the horizontal strain 
is taken into consideration for spacing the rivets, and their 
resultant is therefore the strain on the rivets. The vertical 
strain is that due directly to the load resting upon the flange 
of the girder, and thence through the rivets transmitted to the 
web. 

In the above example. Fig. 13, the flange strain at the end 

= — — — = 2083 lbs, per inch of run. 

The vertical load on the girder per inch of run is the total 
load, divided by the length of span for the load on one foot, 
and the quotient by 12 inches for the per inch of run of load, 



24 X 12 
Then from the above at end of girder the resultant 



= V2083' + 520' = 2147 lbs. per inch of run. 

The spacing of rivets at end of girder = fjf^ = 2^ inches. 
At a, 3 feet from end, flange strain = 1562 lbs. per inch of 
run. 

The vertical stress as given is 520 lbs. per inch of run. 



The resultant = V'1563' + 520' = 1647 lbs. per inch of nio. 

Then ffH = 3 inches, the spacing of rivet at 3 feet from 
end of girder. Continue in like manner to the centre. 
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Spacing Rivets according to Strain Produced by the 
Bending Moments. — The rivets are also spaced, in the angles 
which connect the flanges with the web, according to the strain 
produced in the flanges by the bending M, and the number 
readily found with but little calculation. The horizontal strain 
in the flanges diminishes in intensity either way from the posi- 
tion of maximum M towards either support, where it is the 
least, and may be found (as mentioned before under Bending 
Moments) by dividing by the depth. 

The horizontal increments of strain in the web are greater, 
however, at the ends, and least under position of maximum M. 
If the maximum strain in the flange is divided by the value of 
each rivet, there results the minimum number of rivets either 
way from maximum M to either support. 

For example : in a girder of 24 feet span and 3 feet in 
depth, I web and \ rivets, if the maximum M equals 225 ton- 
feet at centre of girder, and the flange stress is at that point 
*fi = 75 tons, or I so,coo lbs., the number of rivets 

1 50,000 . , . , 

^ = 30 required either way from centre 

a distance of 144 inches, or spaced Yo* = 4f} inches. Owing, 
however, to the greater intensity of the horizontal increment 
of strain in the web towards these supports, the rivets should be 
spaced closer as the ends are approached. 

Then for the first 3 feet, say 3 inches centres ; the next, 4 
inches ; the next, 5 inches ; and the remaining 3 feet, 6 inches. 
Then there results a total of 34 rivets. 

For any further explanation or spacing of rivets refer to the 
various examples which follow. 

For convenience in selection of rivets, the following table 
has been prepared : 
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SHEARING AND BEARING RESISTANCE OF RIVETS. 



Diwoeler >A 

lintiniDclu*. 


Area of 




Beating resistance in pounds fordifierent IbickneH of 
ptotee M is,ooo Ibe. per square inch. 


F«c- 
Uoa. 


Deci- 
mal. 


1 


A 


1 


A 


i 


ft 


1 


H 


1 


1 

\ 


0.63S 
0-75 
0.87S 


0.3068 
0.4418 
0.6013 
0.7354 


3300 

33IO 
4510 
5890 


2340 

zSio 
3280 
3750 


1930 
3510 
4100 
4690 


35*0 
4a2o 
4020 
5620 


4920 

is; 


6562 

7S00 


6330 
7380 

8440 


Ssoo 
9380 


9020 
103 10 


9840 

11150 



Proportioning Girders. — The first operation, that of ob- 
taining the kind of girder, is not always left entirely to the dis- 
cretion of the designer; no rules can be laid down, for the 
reason that various loads on fixed spans and depths are given, 
so that, in the nature of the construction, very little limit is 
allowed ; for instance, if the girders are in the floor construe 
tion, the height of girder is reduced to a minimum, to give the 
greatest height df ceiling. 

The depth at centre of straight independent girders as given 
by Humber may be made from ^ to -jJy of the span. The 
greatest economy of material is perhaps obtained at -^. 

If the depth of girder is about -^ the span, the deflection 
will not be too great. 

For ipany cases it would be well to find the most economical 
depth by a few trials, and bearing in mind that the increase of 
depth decreases the flange area, while it increases the weight 
of web and stiffeners and vice verm. 

It has been previously mentioned that the depth of the 
girder is between the centre of gravity of the flanges, where we 
have one or more plates. We can without much error assume 
the distance between the centre of gravity of the flanges to be 
equal to the distance from top to bottom of flange-angles as the 
effective depth of the girder. As the flange section increases the 
effective depth increases, but we can assume them to be con- 
stant throughout. 
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The span should include the length between the centre of 
bearings or supports, but for all practical purposes the effective 
span herein taken is between the supports. 

The following general rules should be adopted in propor- 
tioning girders. 

1, Plate girders should be proportioned upon the supposi- 
tion that the bending or chord strains are resisted entirely by 
the upper and lower flanges, and that the shearing or web 
strains are resisted entirely by the web plate. 

2. In members subject to tensile strains, full allowance shall 
be made for reduction of section by rivet-holes, etc. 

3. The web plates shall not have a shearing strain greater 
than 6000 to 8000 pounds for wrought iron and 7000 to 9000 
pounds for steel per square inch, and no web plate shall be 
less than f inch in thickness. 

4, No wrought-iron or steel shall be used less than f inch 
thick, except in places where both sides are always accessible 
for cleaning and painting. 

DETAILS OF CONSTRUCTION. 

1. All the connections and details of the several parts shall 
be of such strength that, upon testing, rupture shall occur in 
the body of the members rather than in any of their details or 
connections. 

2. The webs of plate girders, when they cannot be had in 
one length, must be sphced at all joints by a plate on each side 
of the web. T-iron must not be used for splices. 

3. When the least thickness of the web is less than ^ of 
the depth, the web shall be stiffened at intervals not over twice 
the depth of the girder. 

4. The pitch of rivets shall not exceed 6 inches, nor sixteen 
times the thinnest outside plate, nor be less than three diameters 
of the rivet in a straight line. 
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5- The rivets used will be generally J and f inch diameter. 

6. The distance between the edge of any piece and the cen- 
tre of a rivet-hole must never be less than i\ inches. 

7; In punching plates or other iron, the diameter of the die 
shall in no case exceed the diameter of the punch more than 
■jJff of an inch. 

8. All rivet-holes must be so accurately punched that, when 
the several parts forming one member are assembled together, 

.a rivet ^ inch less in diameter than the hole can be entered, 
hot, into any hole without reaming or straining the iron by 
"drifts." 

9. The rivets when driven must completely fill the holes. 

10. The rivet-heads must be hemispherical, and a uniform 
size for the same sized rivets throughout the work. They 
must be full and neatly made, and be concentric to the rivet- 
hole. 

11. Whenever possible, all rivets must be machine-driven. 

12. The several pieces forming one built member must fit 
closely together, and, when riveted, shall be free from twists, 
bends, or open joints. 

13. All joints in riveted work, whether in tension or com- 
pression members, must be fully spliced, as no reliance will be 
placed upon abutting joints. The ends, however, must be 
dressed straight and true, so that there shall be no open joints. 

14. All bed-plates under bearings of girders must be of such 
dimensions that the greatest pressure on the masonry shall not 
exceed 250 pounds per square inch. 

EXTRACT FROM THE NEW YORK BUILDING LAW 
PASSED APRIL 9, 1892. 

§ 486. " Rolled iron or steel beam girders, or riveted'vton or 
steel plate girders used as lintels or as girders, carrying a wall 
or floor or both, shall be so proportioned that the loads which 
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may come upon them shall not produce strains in tension or 
compression upon the flanges of more than 12,000 pounds for 
iron nor more than 15,000 pounds (or stee! per square inch of 
the gross section of edj^h of such flanges, nor a shearing strain 
upon the web plate of more than 6000 pounds per square inch 
of section of such web-plate if of iron, nor more than 7000 
pounds if of steel; but no web plate shall be less than one 
quarter of an inch in thickness. Rivets in plate girders shall 
not be less than f of an inch in diameter, and shall not be spaced 
more than 6 inches apart in any case. They shall be so spaced 
that their shearing strains shall not exceed 9000 pounds per 
square inch of section, nor their bearing exceed 15,000 pounds 
per square inch, on their diameter, multiplied bythe thickness 
of the plates through which they pass, The riveted plate girders 
shall be proportioned upon the supposition that the bending or 
chord strains are resisted entirely by the upper and lower 
flanges, and that the shearing strains are resisted entirely by the 
web plate. No part of the web shall be estimated as flange 
area, nor more than one half of that portion of the angle-iron 
which lies against the web. 

The distance between the centre of gravity of the flange 
areas will be considered as the effective depth of the girder. 

Before any girder, as before mentioned, to be used in any 
building shall be so used, the architect or the manufacturer or 
a contractor for it shall, if required so to do by the superin- 
tendent of buildings, submit for his examination and approval 
a dia^am showing the loads to be carried by said girder, and 
the strains produced by such load, and also showing the dimen- 
sions of the materials of which said girder is to be constructed 
to provide for the said strains ; and the manufacturer or 
contractor shall cause to be marked upon said girder, in a con- 
spicuous place, the weight said girder will sustain, and no 
greater weight than that marked on such girder shall be placed 
thereon." 
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To Calculate the Approximate Weight of Girder before 
its Dimensions are Fixed. — It should be remarked here that 
the weight of the girder becomes considerable when the flanges 
are built up of a number of plates. It Is therefore desirable to 
be able to calculate approximately the weight of the girder 
before its dimensions have been definitely fixed. The weight 
of the girder will be in proportion to its area of cross-section 
*nd to its length ; or when W is the gross load to be carried, 
and L the length between the supports, then the weight of 
girder between the bearings is 

WL 

in which C is a constant, and iV the load to be supported. 
The value of C has been taken from examples of girders from 
35 to 50 feet long ; its value is found to be 700. 

Example : We have a span of 40 feet and 70 tons to be sUp- 
ported; what will be the approximate weight of girder? 

WL 70 X 40 

making a total of 74 tons, uniformly distributed. 

Splicing. — Girders 40 feet and less will not require any 
splicing, as the plates and angles can be readily handled in one 
length. 

In splicing the top flange, no additional cover plate will be 
required over the joint, but the ends should be planed true 
and butt solidly. The rivets to be closer near thej'oint. 

The plate covering the joint of bottom flange requires to 
be the same area as the plates joined, and of sufficient length 
to take a number of rivets equal to strength of the cover plate. 
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QUALITY OF MATERIAL. 

WrOught-iron.— All wrought-iron must be tough, fibrous, 
and uniform in character. It shall have a limit of elasticity of 
not less than 26,ooo pounds per square inch. The tensile 
strength, limit of elasticity, and ductility shall be determined 
from a standard testpiece about \ square inch. The elonga- 
tion shall be measured on an original length of 8 inches. 

When taken from plates rolled to a section of not more 
than 41- square inches, the iron shall show a minimum ultimate 
strength of S0>000 pounds per square inch, and a minimum 
elongation of i8 per cent in 8 inches. The same sized speci- 
men, taken from plates 8 inches to 24 inches in width, shall 
show a minimum ultimate strength of 48,000 pounds per square 
inch, and a minimum elongation of 15 per cent in 8 inches; 
plates from 24 inches to 36 inches wide, 46,000 pounds per 
square inch, and elongate 10 per cent in 8 inches ; plates over 
36 inches wide, 8 per cent in 8 inches. 

The same sized specimen taken from angle-iron shall have a 
minimum ultimate strength of 48,000 pounds per square inch, 
and a minimum elongation of 15 per cent in 8 inches. Rivet- 
iron shall have the same physical requirements as high-test 
iron, and in addition shall bend cold 180 degrees to a curve 



ovGoO'^lc 



22 COMPOUND RIVETED GIRDERS. 

whose diameter is equal to the thickness of the rod tested, 
without signs of fracture on the convex side. 

All iron for tension members must bend cold through 90 
degrees to a curve whose diameter is not over twice the thick- 
ness of the piece, without cracking ; at least one example in 
three must bend through 180 degrees to this curve without 
cracking. When nicked on one side and bent by a blow from 
a sledge, the fracture must be nearly fibrous. 

Mild Steel. — Specimens from finished material for test, cut 
to size, as for wrought-iron, shall have an ultimate strength of 
from 54,000 to 62,ocx) pounds per square inch, with a minimum 
elongation of 26 per cent in 8 inches; to bend cold 180 de- 
grees flat on itself, without sign of fracture on the outside of 
bent portion. 

All rivets of mild steel must, under the above bending test, 
stand closing solidly together without sign of fracture. 

Painting.^All iron and steel work, before leaving the 
shop, shall be thoroughly cleansed from all loose scale and rust, 
and be given one good coating of best oxide of iron and pure 
linseed oil, and after erection to receive one additional coat of 
paint 
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EXAMPLE I. 

GIRDER SUPPORTING A CONCENTRATED LOAD AT CENTRE OF 
SPAN. 

In a girder supported at both ends with a load concen- 
trated at centre of span, the maximum bending moment is at 
the centre, and equals half the load multiplied by half the span. 



To find the bending moment at any point in the girder 
when the load is at the centre. 




Make FD, by any scale, Fig. 14, equal M at centre of span . 
join RD and DR'. Then by the same scale, rp will equal the 
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bending moment at point r, and ut will equal the moment at 
point ». Or the moment at any point r or a will equal half 
the load multiplied by R'r or Ru ; R being the nearest sup- 
port. Then 

W 
Atr, M=^Rr. 



Example: What metal area would be required in the flanpes 
at the centre of a girder of 30 feet span, 2 feet in depth, to sus- 
tain 40 tons concentratsd at the centre of span; 6 tons (12,000 
pounds) being the maximum unit strain per square inch allowed 
in the flanges? 

Here M''=40tons, i = 30 feet, (/=2feet. 

A = area of flanges, ^ = 6 tons. 

Then at centre, 



M = 45Ai9 = 300 ton-feet ; 
4 



A = 5 = 25 square inches. 

2X0 ■ 

Let r— 10 feet from R support, and a = 5 feet from the 
same support. • 
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> ~ Fve ~ '^'^ square inches. 
Then we require in the flanges for the above girder: 

At centre, 25.0 square inches. 
5 ft. from " 16.66 " " 

10 ft. « " 8.33 " 

CoDstructioa of Flanges. — In the results of the example 
lust given, it will be observed that the area of metal required 
in the flanges increases gradually from the points of support 
towards the centre of the girder. This will be accomplished by 
building up the plates of metal overlapping each other for the 
computed amount. 

To make up the 25 square inches in the top flange at the 
centre, we extend the angles from end to end, and making the 
girder 1 2 inches wide, using ordinary size plates (none less than 
\ of an inch thick) and angles with the longer leg horizontal, 
we would require : 

Top flange = 2 angles* 5" X 4" X i" = 8.50 square inches. 

I plate 12" X J" = 6.00 " " 

I " 12" X i" = 6.00 " . " 

I " 12" X ft" = 4-SO " " 

Total, 25.09 " " 

For the bottom flange, the rivet-holes must be deducted to 
obtain the net section. By referring to the section of the con- 
structed girder, Fig. 19, it will be noticed that the greatest loss 

* For areu of angles In inches see Table, page 33. 
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of section is two rivet-holes opposite each other, connecting 
the angles with the plates of the bottom flange. 

Using -S-inch-diameter rivets, and allowing \ of an inch 
more for any injury to the metal in the process of punching, 
we have the area of a rivet-hole equal to \" -\- J" -f- i" + S" 
X l" = i} square inches, for two rivet-holes 2 X ij" = 3J 
square inches, to be added to the bottom flange, or 25" + 3I" 
= 28J square inches. Then 

Bottom flange = 2 angles 5" X 4" X i" = 8.50 square inches. 
I plate 12" X t" = 7.50 " 

I " 12" xf" = 7-SO " " 

1 " I2"XtV" = 5-2S " 

Total, 28.75 " 

Flanges reduced in Area towards the Supports.— To 
reduce the area of the flanges asjfhe ends are approached, draw 
the diagram Fig. 15, making R and R' equal to the span of 30 




Pia 15. 

feet, and set off FD at centre of span equal to the bending 
moment at that point, or equal to DF, Fig, 14, Connect RD 
and DR'. Draw the rectangle RCER'. 
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Then from F place any scale at any angle, as Fe, until it 
measures 25 square inches, the number required in the flanges 
at the centre. For two angles 5" X 4" X I", set off 4.25 square 
inches each at a and b; one plate 12" X i" = 6 square inches 
at c ; one plate 12" X i" = 6 square inches at d; and one plate 
12" X I" =4'5 square inches at #. Horizontal lines drawn from 
a, b, c, d, and c to Z)^' at /, g, h, and k, and by the set-square 
carried down to the base line RR', give the ends of plates^ in 
the flanges. 

Those flange plates which do not extend from end to end 
of girder should be run as many inches beyond the point where, 
according to the calculation we have made, the sectional area 
of that plate must form the required section, so as to catch 
sufficient number of rivets in the flange in order to transmit 
the amount of stress which the plate is required to sustain. 
Thus for the top plate 12" X ■8", the amount of stress which 
it is expected to receive is equal to 12" X S" X 12,000 = 
54,000 pounds. Now if we have two rows of rivets on the 
flange, and supposing that each rivet has a safe shearing strain 
of 4510 pounds per square inch, the plate must be extended 
to take in at least V^V< ^V '^ rivets, beyond the point at 
which it is calculated to form the flange section. By referring 
to the diagram it will be seen that the full width of the second 
plate extends to dk, and we only require the area of same to 
decrease gradually from g to A, and in like manner in the top 
plate from/ to ^. We will therefore be able to place the ma- 
jority of these 12 rivets of the top plate between/ and ^. 

In all the following examples the plates are extended 12 
inches beyond the position determined by the diagram. Plates 
over i" thick should be extended as described above to a suf- 
ficient length to prevent the crowding of rivets. 

The plates in the bottom flange are practically of the same 
area as those of the top flange, the loss of area by rivet-holes 
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being made up by the thicker plates ; they will therefore be the 
same length as those in the top flange. 

Webs. — The downward pressure at the middle is equal to 
the upward pressure or reactions at the ends ; and since the load 
is central between the points of support, the reactions of these 
points are equal, and each is equal to one half the load at cen- 
tre, which gives 20 tons or 40,000 pounds shear on the web at 
each support. 

«. -. ^ 40000 
Then T = 777? = 






The least practicable thickness allowed in the webs of al 
girders is | of an inch; we will therefore require in this a f" X 
24" web plate. 

StifTeaers. — To determine whether we require stiffeners, 
we should first determine whether the web, as already propor- 
tioned for shearing, is able to sustain the same compressive 
stress to resist buckling. This condition is attained when the 
shear per square inch of cross-section at any point does not 
exceed the 



When d = depth, and t = thickness of web in inches. 

_. 10000 

Then ^^ -^ ^4 - ^^^ pounds. 

' + 3000 X S X t 

But as we have adopted 6000 pounds per square inch for 
safe shearing, the web will require to be stiffened throughout 
at a distance of 3 feet, the shearing strain on the web -being 
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uniform throughout on a girder with load in centre (see graphi- 
cal representation of shearing forces. Fig. 19). 

Then to stiffen the web at these points, rivet to each side 
of the web a 4" X 4" X f" angle. We then have for the thick- 
ness I" + I" -|- f" = j inches, and the formula becomes: 
Safe resistance to buckling 

~ — = 8873 pounds per square inch. 



1 + 



3000 X J X I 



Stiffeners must always be tightly fitted between the flange- 
angles. In order to bring the stiffeners in contact with web 
and vertical leg of angle, they are bent as shown in Fig. 16, or 
fillers may be used as Fig. 17. 



Fio.10. 'Fia.!?. 

The first method requires less material than the second, but 
requires the work of bending the angles, for which particular 
dies must be had to give the required amount of bending, and 
no doubt is more economical where there are a laige number of 
stiffeners to be bent to the same form. 

The second method is therefore more preferable for cases 
when girders to be made are few in number. 

Rivets. — Now as to value of rivets through web, we should 
have for shearing, area of rivet is f" X \" X 7854 = .6013" 
X 7500 = 4510 pounds ; being in double shear, twice the value 
or 9020 pounds. 
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For bearing J" X I" X 15000 = 4920 pounds. As the 
bearing value is the smaller, we will use that in determining the 
number. 

The bending moment at the centre of girder Is 300 ton-feet 
This divided by the depth will give the horizontal flange strain 
at centre of girder. 

Then ^— = 150 tons or 300,000 pounds. 

This again divided by the least value of a web rivet, which we 
found to be 4920 pounds, gives the total number of rivets re- 
quired ; or 

300000 . 

— = 00 rivets 

4920 

in a distance of 180 inches, spaced 3 inches centres. 

Graphical Representation of Bending Moments and 
Shearing Forces. — The bending moments and shearing forces 
at each point of a girder may be represented graphically by 
lines laid off to scale, as will be shown by example. 

This method will be found far more preferdble, on account 
of the rapidity with which the work can be accomplished, es- 
pecially for girders with two or more concentrated loads, also 
with concentrated loads and a uniform load combined. Accord- 
ing to our example, we have a girder 30 feet span, 2 feet in 
depth, to sustain at the middle 40 tons. 

Set the load W o{ 40 tons to a reasonable scale off along a 
line PF. The line PP' is thus the polygon of the given force, 
and P'P, its closing line, is the resultant, (For these principles 
refer to works on Graphic Statics.) 

Since the reaction of R and R' must be equal, we take the 
pole distance (? in a horizontal through the centre of the force 
Hne PF at H, and draw the radii OP, OF \ then describe the 
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funicular polygon <Ac by drawing ab parallel to PO, terminating^ 
in W produced, and be parallel to P'O. The funicular polygon 
is now closed by the line ca, and a line OS is drawn through 
pole (on OH in this case) which is parallel to ac and to the 
girder. 

Then any ordinate from ac, as x, y, or z, taken to these in- 
clined lines ab or be, multiplied by the pole distance OH, will 

^ , 




give the bending moment at any point of the girder. The pole 
O may be placed at any distance or direction ; the result will 
be the same; but to facilitate calculations, take ten units of 
the scale adopted. 

The shearing forces are equal to the distances R and R' of 
the points of the polygon of forces from S. 

Accordingly, the shearing forces have been taken from the 
polygon of forces and used as ordinates of the segments of RR' 
towhich they correspond. Thus the hatched figure isobtained, 
which is termed the shearing force A\a,graxn, ^nA the vertical 
ordinates of this diagram give the shearing force at any section 
of the girder RK, and in this particular example it can be seen 
at a glance and, as previously found, that the shear on the web 
is uniform from centre to ends. 
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AREAS OF ANGLES 
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T" 
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4 


75 
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7-99 
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4X4 






2.36 
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3 


75 
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5.03 


5.44 
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»5 
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4.69 
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5 
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7.99 


9.00 


6X3* 






3.43 
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5 


55 


6.06 
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7.06 


7.55 
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5 
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5.73 


6.18 
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7.11 
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4 


93 
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4 


60 
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SECTIONAL AREA IN INCHES OF RIVET-HOLES IN PLATER OF 
VARIOUS THICKNESSES. TAKEN i INCH IN EXCESS OF 
DIAMETER OF RIVET. 



^0 


Number of Riveu i inch Diunctcr. 


Number o( RJTet. I inch Dbuaeter. 


, 


, 


3 


« 


s 


• 


7 


, 


. 


, 


3 


, 


5 i e 


7 


1 


1 


1 
1 


>.5S 

1,41 

'■9" 
.8, 

'Is 


• ■74 


3-93 
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TABLE SHOWING GROSS AREA OF PLATES OF VARIOUS 
THICKNESSES. 



II 


WidihofPUieinliKlHa. 
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„ 


>s 


I« 


■a 


.. 


„ 


„ 


M 


ifl 


iS 


90 




xz 


... 
k 

1 

ii, 


II 


Is 
'is 


11 


S 

3.75 


'i:| 


18.00 
.6.S7 




ill 

1J.06 


B. 


i:S 


16.00 


'I'.r. 


lis 



Explanation. — Required the sectional area of a plaie 26" X fl" punched 
by six 1' riv«ls. The gross area by table — 17.S6 square inches, and the area 
of six i" rivets by the previous table = 3.60 ; thai is, 17.86 — 3.60 = 14.26, ths 
area required. 

Required [he sectional area of a 6" X 4" X {" angle punched by two }'' 
rivets. The gross area by table o( "Areas of Angles" = 7.99 square Inches, 
and the area of two J" rivets through a j" plate by the Ubie = 1.53. Then 
7.()Q — 1.53 = 6.46, the area required. 

SAFE BUCKLING VALUE OF WEB PLATES PER SQUARE INCH 
(WROUGHT-IRON). 

J = depth in inches. 



Calculated by formula - 



= thickness in laches. 
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N.B. — If the buckling value is less than the shearing (6oco pounds for 
WTOUgbt-iron), the web will require 'o be stiffened. 
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SHEARING VALUE OF WEB PLATES, WROUGHT-IRON, 8000 i 
PER SQUARE INCH. 
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SHEARING VALUE OF WEB PLATES, WROUGHT-STEEL, 7000 lbs. 
PER SQUARE INCH. 
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Thiclinesi of Plate. 
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WMPOUND RIVETED GIRDERS. 



Example II. 

girder supporting a concentrated load not at 
centre of span. 

In a girder supported at both ends with a load concentrated 
fwt at centre of span, the maximum bending moment is at the 
load, and is equal to the load multiplied by the distance from 
load to left support, and from load to right support divided by 
the span ; or, 

To find the bending moment at any point in the girder when 




the load is not at centre, make FD by any scale. Fig. 20, equal 
M at the load ; join RD and DR'. Then x, y, 3, by the same 



ovGoO'^lc 



EXAMPLE II. 39 

scale, will measure the moments at their respective points in 
the girder. 



t.,,,M^W^^^^. 



Example : What metal area would be required in the flanges 
of a plate girder of 20 feet span, 2 feet 6 inches in depth, to 
sustain 60 tons concentrated at 5 feet from left support P 

Here W=:6o tons; L = 20 feet; d=2 feet 6 inches; 
s = 6 tons. Then 



:i2.5 ton-feet, 
= ^ = 7.5 square inches. 
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Then we require in the flanges for the above girder: 

At the load, J5.0 square inches. 
At X, 2 feet 6 inches from " 7.50 " " 

At^, 5 " " " 10.00 " " 

At z, 10 *' " " 5.00 " " 

Construction of Flanges. — To make up the maximum 
section under the load we would require : 

Top flange = 2 angles 5" X 3" X i" = 7-S square inches. 
I plate 12" X f" = 7.5 " " 

Total, 15.0 " 

For the bottom flange, rivet-holes to be deducted to obtain 
the net section. The loss of metal by rivet-holes is the same 
in this as the former example. 

Using |-inch-diameter rivets, and allowing J of an inch 
more for any injury to the metal by punching, area of rivet- 
hole equals |" -[- J" X I " = |- square inches ; for two rivet-holes 
2" X I" = 2.25 square inches, to be added to the bottom flange, 
or 15" -|- 2.25" = 17.25 square inches. 

Bottom flange = 2 angles s" X 3" X i" = 7-5 square inches. 
I plate 12" X H" = 9-7S " 
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Flan^^s reduced in Area towards the Supports. — To 

place the plates in their required position for the calculated 
area: Draw thediagram, Fig. 21, making^ and i?' equal to the 




span of 20 feet as in the previous example, and set off lines FD 
at position of load equal to the maximum bending moment at 
that point, or equal to FD, Fig. 2a Connect RD and DR'. 
Draw the rectangle RCER'. Then from F place any scale at 
any angle, as i^c, until it measures 15, the number of square 
inches required in the flanges at F or at the load. For two 
angles set off 3.75 square inches at a and b, and one plate 12 
X ii inches, or 7.50 square inches, at C. Horizontal lines 
drawn from a, b, and c to DR, DR', and carried down to base 
line RR' give the position of the plates. The angles to extend 
from end to end as shown. 
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Both top and bottom plates to extend 12 inches each way 
from FD, in addition to that determined by the diagram. 

Webs. — The bearing area upon which a girder is supported 
reacts against the girder an amount equal to the pressure of 
the load upon them ; or, the sum of the loads on the girder is 
equal to the sum of the reactions. Hence, if there be but one 
support as in a cantilever, this condition gives at once the re- 
action. For a uniform load and a concentrated load at centre, 
on two supports, it is evident that each reaction equals one half 
of the load. 

We have in this example a single concentrated load situated 
at 5 feet from left support, whose span is 20 feet. 



Then R supports = 45 tons, 



60X 5 



(Refer to article Shearing Forces on the Webs.) 

The thickness of the web may then be determined as in the 
previous example. 

dk 30 X 6000 ■ 



At/e',7-=-325^=ii„ch. 
30 X 0000 " 

The one-half-inch thickness to be adopted and used from 
end to end of girder ; otherwise we would require a variety of 
thicknesses to be madeup between each end, which is alt<^cther 
impracticable in small girders. 
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Stiffeners. — To detennine whether we require stiffeners : 



Safe resistance to buckling 

loooo __ lOOOO 



30 X 30 ~ 4590 lbs. per sq. inch. 



^ 3000 X i X i 



But as we have adopted 6000 pounds for safe shearing, the 
web will have to be stiffened throughout, at the bearings, under 
the load, and every 3 feet, by 4" X 4" X \" angles riveted each 
side of web. We have then for the thickness f " + i" + f" 
= ^ inches, and the formula becomes 

Safe resistance to buckling = ' ., ^^ = 8389 lbs. 



^ 3000 X V^ X Y 

Rivets. — This example being a single-web girder, the rivets 
will be in double shear; so we will take their bearing value, 
which is less than the shearing. The bearing area = %" X i" 
X 15000 = 6562 pounds. The bending moment at load is 225 
ton-feet ; this divided by the depth gives the horizontal flange 
strain each way from position of load to end of girder. 

Then — = 90 tons or 180,000 pounds. 

This again divided by the value of the rivet gives the total 
number of rivets required ; or, 

180,000 

-6^6r = ^7nvets. 

in a distance of 60 inches from the load to R support spaced 
about 2^ inches centres. 
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This is closer than they should be spaced in a straight line, 
so we will have to stagger them as much as possible. (See 
girder drawing, Fig. 23.) We will also require 27 rivets from 
the position of load to R', a distance of 180 inches, spaced 6.6 
inches. This is more than they should be spaced in a straight 
line; as our maximum is 6 inches, we will space them accord- 
ingly. Had we used the shearing stress for the rivet spacing, 
we would have a uniform shear of 90,000 pounds from position 
of load to R, and a uniform shear of 30,000 pounds to R'. 



At R, Jv ' = 3000 pounds per inch of run. 



6562 

Spaced, = 2.19 inches centre to centre. 

'^ 3000 ^ 



At R', -—rr, — = 1000 pounds per inch of run ; 
'2.5 X 12 



Spaced, — — = 6.56 inches centre to centre. 
' 1000 -' 



Graphical Representation of Bending Moments and 
Shearing: Forces in a Girder with One Concentrated Load 
not at Centre. — According to our example we have a girder 
of 20 feet span, sustaining a load of 60 tons 5 feet from left 
support. Set the load W^ of 60 tons to a reasonable scale off 
along the line PP, Fig, 22. The line PP is thus the polygon 
of the given force, and P'P, its closing line, is the resultant. 

Take any point O as pole, equal to ten units of the scale 
adopted, and draw the radii OP and OP. Then describe the 
funicular polygon abc by drawing ab parallel to OP, termi- 
nating in PF produced, and be parallel to OP', terminating in 
the prolongation downwards of K. The funicular polygon is 
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now closed by the line ca, and a line OS is drawn through 
pole O parallel to ac. The bending moments are then found 
in the same mariner as described under Fig. i8. Then the re- 




action of R will equal the distance by same scale from S to P, 
and the reaction at R the distance from 5 to P. 
Or as a condition of equilibrium, 

the reaction at A = PS, and at R' — SP. 

The shearing forces, as in the previous example, are taken 
(rom the hatched figure. By referring to the diagram it will 
be noticed that the greatest shear on the web is at R support 
measured from P to S, and only a small percentage of the load 
Wis sustained by K support. 
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Example III. 

GIRDER SUPPORTING A UNIFORMLY DISTRIBUTED LOAD. 

In a girder supported at both ends with a load distributed 
over its entire length, the maximum bending moment is at the 
centre, and is equal to one half the load multiplied by one 
quarter the span, or 

To find the bending moment at any point in the girder, 
when the load is uniformly distributed: 

Make fD by scale, Fig. 24, equal Jlf at centre of span, and 
draw the parabola RDR' (see method of drawing parabolas, 




Figs. 26 and 27). Then rp measured by the same scale will 
equal the bending moment at point r, and ut will equal the 
moment at point »• 



ovGoO'^lc 



48 COMPOUND RIVETED GIRDERS. 

Or the moment at any point r = half load on rR X rR', or 
half load on rR' X rR. 

Atr,M=± XrR'. 



Atu,M=— X«R'. 



Example : What metal area would be required in the flanges 
at the centre of a box girder of 30 feet span, 3 feet in depth, to 
sustain 200 tons of a 16-inch wall distributed over its entire 
length. 

Here W= 200 tons, L = yi feet, </= 3 feet, 
A = area of flange, s ~ 6 tons. 



At centre, M — 
A = 



3X6 
200 
At r,M~ -^ X 20 = 666.66 ton-feet, 



_ 666.66 . ^ 

A = ■ ■ Q = 37.04 square mches. 

200 
At u,M— ^ X 20 = 416.66 ton-feet, 



■3X6" 
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Then for the above girder we require in the flanges : 

At centre, 4[.66 square inches. 
5 feet from " 37.04 " " 

10 23.15 " 

Construction of Flanges. — To make up the maximum 
section at the maximum bending moment we would require : 

Top flange = 2 angles 4" X 4" X |f" = 11.68 square inches. 
3 plates each 16" X f" = 30.00 " " 

Total, 41.69 " " 

For the bottom flange the loss by rivet-holes will be the 
thickness of plates and one angle, and then using |-inch-diam- 
eter rivets and allowing J inch more, we have J" + i" + i" 
-\- \\" X ' = 2|i- square inches, for two rivets 2 X 2\^" = 5.375 
square inches, to be added to the bottom flange at centre, or 
41.66" 4- S-375" = 47 square inches. 

Bottom flange = 2 angles 4" X 4" X \^" — 1 1.68 square inches. 
3 plates each 16" X i" = 36,00 " " 

Total, 47.68 " 

Flanges Reduced in Area towards the Supports.— 
To place the plates of the flanges in their required position 
for the calculated area, draw the diagram Fig. 25. From ^in 
centre of span, make FD, by the same scale as in Fig. 24, equal 
to the maximum bending moment at that point. Draw the 
rectangle RCER'. From F place the scale at any angle, as at 
Fe, until it measures 41.66 or 41.68 square inches. 

For two angles set off 5.84 square inches, each, at a and h, 
and three plates 16" X J"i or [2 square inches, each, at c, d, 
and e. Horizontal lines drawn from a, b, c, d, and e to the pa- 
rabola RDR', and carried down to base line RR', will give the 
position of the plates in the flanges. 
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The angles to extend from end to end of girder, and ihe 
adjoining plates are required to extend in like manner for prac- 
tical reasons, which will be readily seen in all box girders. 




The plates of the bottom flange are, for the reasons ex- 
plained in the previous example, practically the same length as 
those of the top flange, and should extend I2 inches beyond the 
calculated length. 

Webs. — The reactions on the supports of a girder sustain- 
ing a uniformly distributed load are each equal to one half the 
total load, and the shearing force on the webs at each end of 



' ^ 36X6000 ~ ■^^' "^""^^ ^ "' ^" '"*=*'• 
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but as we have two webs, each will be equal to one half of -^ 
or ^|, say \ inch, for the thickness of each web. 

Stiffeners. — To determine whether we require stiffeners, 
only one web need be -taken into consideration ; and if stiffeners 
are needed, an angle can be riveted on the outside. Frequently 
there is considerable shear on the webs; angles are then riveted 
inside and outside of each web. 

Safe resistance to buckling 

_ - £ -J ' ^f . — = 3°"3 pounds per square inch. 

* "•" 3000 X J X 4 

The webs will have to be stiffened at the bearings. 

At 5 feet from the bearing or supports the shear on the 
webs is equal to % the shear at the bearings, or 133,333 pounds. 
The safe shear against buckling of a 36-inch web i inch thick 
is 3663 pounds per square inch, as found above. The shearing 
area of the web at S feet from the bearing is 36 X i = 18 square 
inches. 

Then 3663 x 18 = 65,934 pounds safe against buckling at 
that point, and the shear on one web at the same point is 

- " — = 66,666 pounds; a stiffener is therefore required, and 

one 2' 6" towards the bearings, but «cm^ towards the centre, as 
the shear is theoretically nothing at the middle of a girder uni- 
formly loaded, but from thence increases by equal increments 
towards each support (refer to shearing force diagram. Fig. 28). 

Rivets. — The rivets connecting the webs to the flanges in 
a box girder are in single shear : therefore the shearing value 
will be 7500 pounds per square inch, and is measured on the 
area of the cross-section of the rivet. 

The area of a J-inch-diameter rivet = J" X J" X .7854 = 
.601 3 (see Table of Shearing and Bearing Resistance of Rivets); 
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this multiplied by 7500 = 45 10, the safe amount of strain each 
rivet can sustain without shearing. 

If the maximum horizontal strain in the flanges is divided 
by 45 10, there results the minimum number of rivets required 
either way from the centre. Then from the example : 

Maximum M = 750 ton-feet ; 



and divided by 4S10 =110 rivets, to be placed a distance of 
180 inches for one side, 360 inches for both, spaced about 3 
inches centres. 

On account of the horizontal increments of strain in the 
web increasing towards the ends, the rivets should be spaced 
closer as the ends are approached, say 2\ inches for the first ; 
feet, 3 inches for the next, and 4 inches for the. remaining dis- 
tance. 

Method of Drawing: Parabolas. — Draw a horizontal RF, 
ff'tTllJJJ.^ ^'^' ^^' ^1'^*' *° **^'^ ^P*" °^ girder. 
[ i ■ a * fe^' I ^^^ °^ ^^ perpendicular to RF, mak- 
ing the former equal by scale to 
the bending moment at that point.- 
Through D draw CD parallel and equal 
to RF. The ordinates from any points 
in CD to the parabola will be propor- 

pL tional to the square of the distances of 

Fio.»6. those points from D. Thus if the 

ordinate at a be l, then the ordinate at b, twice the distance of 
a from D, must be 4; and so on. 

To proceed practically, divide CD into a number of equal 
parts («) as at a, b, c, etc. Then if RC be divided into (a') parts, 
each of these parts will be the required unit, one of which is the 
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offset at a ; four at b ; nine at c ; and so on. Through the points 
a', b\ c', etc., thus determined, 
the required curve can be drawn. 

Parabola by the Constnic- 
tion of a Diagram. — On the 
span RR', Fig. 27, describe an 
isosceles triangle whose height 
is double that of the bending 
moment. Divide the two sides 
AR and AR' of the triangle into 
any number of equal parts, and 
draw hnes as in the figure, ^"^ '^■ 

These lines will be tangents to the parabola, which may then 
be drawn. 

Graphical Representatloa of Bending Moments and 
Shearing Forces for a Uniformly Distributed Load. — A 
uniform load may be considered as a system of equal and equi- 
distant loads close together. 

Thus in Fig. 2S the load area may be divided into any num- 
ber of equal parts. The area of each part we may consider as 
the load which acts at its centre of gravity, and lay it off to any 
convenient scale in the force polygon, as at 1. 2, 3, 4. . . . 19, 20. 
* Since the reactions at R and R' are equal, we take the pole 
in a horizontal through the centre of force line PP", and draw 
the radii Ol, O2, 0%, O4, . . . O20. Then describe the funicular 
polygon a6, be, cd, de, . . . vw, by drawing ab parallel to PO, 
be to Ol, edto O2, de to 0%, . , .vw to O20. 

The funicular polygon is now closed by the line aw, and a 
line OS is drawn through pole t?(on OH in this example), which 
is parallel to aw and to the girder. Any ordinate taken to this 
parabola from the base line aw multiplied by the distance OH 
will give the bending moment at any point in the girder. 

To avoid any error in direction carried on by the lines being 
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too short, one half the number of divisions will be quite suffi- 
cient to get the moments. 

The shearing forces on the webs are shown similar to the 




previous examples, and are equal to the distances of the points 
of the polygon of forces from 5. 

Therefore the shearing forces are taken from the force poly- 
gon used as ordinates as shown In the diagram, and the hatched 
figure is the result. 
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GIRDER SUPPORTING TWO CONCENTRATED LOADS. 



In a girder supported at both ends, the bending moment at 
any point produced by two loads is the sum of the moments 
produced at that point by each load separately. 

Draw the triangles Fig, 30. having vertices at / and h, repre- 

® 




i ^c 



seating bending moments for loads W, and fr,,asin Fig. 20, by 



Extend ef to b, and gh to c, making each long vertical equal 
to the sum of each moment at the position of each load, or eb 
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equal to ef-\- ek, and gc equal to gh -^ gi. Any ordinate, as x 
or>, measured from the base line fui to the polygonal figure 
abed, will give by the same scale the moments at the corre- 
sponding points in the girder. 
Or the bending moment for 



W, at W, = W', X - 



Example : What metal area would be required in the flanges 
of a box girder of 25 feet span 2 feet in depth to sustain 30 tons 
concentrated 10 feet from left support, and 70 tons 5 feet from 
right support? 

Here W^ = 30 tons, W^ — 70 tons, Z = 25 feet, 

(/=2feet, ^ = flange area, j = 6 tons. 

At e for W^, M= 30 X — = 180 ton-feet 

At ^ for W; , AT = 70 X ^'"'J? ^ = 280 ton-feet 

Draw the vertices </"and gh by scale equal to 180 and 280 
ton-feet, respectively, and connect each to a and d; extend tf 
(equal to eli) to b, gh (equal to gi") to c, and connect a, b, c, d. 
Then eb and gc measured by the same scale will represent the 
bending moments produced at e and g by W, and W^ . 

Atx,M= 160 ton-feet, 

i^ ■ u 
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Ate,M= 320 ton-fcet, 
^_ 320 



Aty,M-= 330 ton-feet, 

A = — -^ = 27.5 square inches. 
Atg-fM— 340 ton-feet, 

"^'-2X6- 

It will be noticed that the maximum bending moment by 
the diagram is under the load W^. As a check upon the scale 
figures, 

jT V A c Y 20 

At W.for IV,,M= W^ X -y~ =;o X ^^- = 28oton-feeL 
i' • 25 

Total at W, or at ^ = 340 " 

Construction of Flanges.— The maximum bending mo- 
ment being under the greatest load, the greatest amount of 
metal will be required in the flanges at that point. Then to 
make up the proper flange section : 

Top flange = 2 angles 6" X 4" X A" = 8-36 square inches. 

1 plate 16" X i" = 8.00 " " 

2 plates 16" X i" = 12.00 " " 

Total 28.36 " " 
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For the bottom flange, deduct rivet-holes as in our previous 
examples. Then using j-inch-diameter rivets, and allowing f 
inch more: for one hole use ^"4-i" + |" + |" X '" = H 
inches, for two holes ^ X 2 = 3.38 square inches, to be added 
to the bottom flange at ^, or 28.33 + 3.38 = 31.71 square inches. 

Bottom flange = 3 angles 6" x 4" X iV" = ^-3^ square inches. 

I plate 16" X -h" = 9-00 " " 

I " i6" X i" = 8.00 "■ 

I " 16" X I" = 6.00 " " 

Total, 31.36 " 

Flanges reduced in Area towards the Supports. — 
Construct the diagram Fig. 31 upon the span RR', making the 




polygon RBDR' similar to the bending-moment polygon, 
Fig. 30. At F, 5 feet from right support, make FD equal to the 
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maximum bending moment, 340 ton-feet. Draw the rectangle 
RCER'. From F place the scale at any angle, as at Fe, until it 
measures 28.36 square inches. 

For two angles set off 4.18 square inches each at a and b\ 
one plate 16 x i = 8 square inches at c; two plates 16 X f = 
6 square Inches each at d and e. Horizontal lines drawn from 
a, b, c, d, and e to the polygon RBDR' and carried down to the 
base line RR' will give the position of the plates in each flange. 
Being a box girder, the angles and adjoining plates are required 
to extend the full length, all other plates 12 inches beyond the 
calculated area, to reach at least two cross-lines of rivets. 

Webs. — To find the reaction at R', the right support, the 
centre of the moments is taken at the left support. In like 
manner to find the, reaction at R, the left support, the centre 
of the moments is taken at the right support. 

Then R' supports {30 X lO) + (70 X 20) -^ 25 = 68 tons, 

and R supports (70 X S) + (3° X 15) -H 25 = 32 tons. 

As a check, the sum of R and R' is seen to be 100 tons. 

The thickness of web may then be determined by the for- 
mula: 



' dk 2^X 6000 " 

At i?, 7" = 64O00_ ^ ,^ or , j„ch. 

21 X 6000 " 

But as we have a box girder and two webs, adopting the 
greater thickness, each will be one half of ^ or ^, say J inch, 
for the thickness ; this thickness to extend the entire length, 
as explained under example of " One concentrated load not in 
centre." 
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StifTeners. — To determine whether we riequire stiffeners: 
Safe resistance to buckling 



, 24 X 24 

"^ 3000 X 4 X i 



=: 5656 lbs. per square inch. 



As this is almost what we have adopted for shearing (6000 
pounds), the web will have to be stiffened at the bearings and 
under each concentrated load. A 3 X 3 X f inch angle on the 
outside of the web will be sufficient for the purpose (see girder 
drawing, Fig. 33). 

Rivets. — The shearing area being less than the bearing, the 
former will have to be adopted. 

The area of a ^inch-diameter rivet = f X I X -7854 = 
.6013. This multiplied by 7500 = 4510 pounds, safe shear for 
each rivet. The maximum bending moment at^. 

M = 340 ton-feet, and divided by the depth, the horizontal 
strain = ^^ = 170 tons or 340,000 pounds ; and then divided 
by 4510 = 75 rivets, to be placed a distance of 60 inches for 
one web or 120 inches for both, spaced about 1$ inches centres 
from position of maximum M to R' support. As this is less 
than the minimum spacing in a straight line previously 
adopted, the rivets will require to be staggered. This is also 
the practical reason why large angles, with the longer leg 
vertical, became necessary. 

By referring to the graphical shearing-force diagram, Fig. 
32, it will be seen that the horizontal increments of strain in 
the web are uniform from ^ to Ji'; therefore rivets will be 
spaced if centres that distance- 
In dividing the 75 rivets in the distance from ^to ^ it will 
be noticed in the diagram that there is little shear in the webs 
between e and g: We will therefore space the rivets the maxi- 
mum adopted, or 6 inches centres. 
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The rivet spacing between e and R will have to be spaced 
by the horizontal strain at that point. 

At e, M = 320 ton-feel, and divided by the depth, the 
horizontal strain =; *J*- = 160 tons or 320,000 pounds ; and 
then divided by 45 10 = 70 rivets, to be placed a distance of 
120 inches for one web, 240 inches for both, spaced about 3^ 
inches from e to R support. 

Graphical Representation of the Bending Moments and 
Shearing Forces in a Girder supporting Two Concentrated 
Loads. — We have in the example a girder of 25 feet span sus- 
taining a concentrated load of 30 tons 10 feet from left support 




and 70 tons 5 feet from right support. We shall first determine 
R and R', the pressure on the supports, and then the vertical 
or transverse stresses. 
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Set the given forces W, and ff, off in succession along the 
line PP, Fig. 32, W^ of 30 tons at i, W^ of 70 tons at 2. The 
line PP" is thus the polygon of the given forces ff„ W^ , and 
P'P, its closing line, is their resultant- 
Take any point O as pole, equal to ten units of the scale 
adopted, and draw the radii OP, Oi, O2. Then describe the 
funicular polygon abed by drawing ab parallel to OP, terminat- 
ing in W, produced ; be parallel to Ol, terminating in W^; and 
a/ parallel to 0,, terminating in the prolongation downwards 
of R'.- The funicular polygon is now closed by the \me4a, 
and a line OS is drawn through the pole O parallel to da. 
Then as a condition of equilibrium, 

the reactions at R — PS, and at f = SP'. 

Any ordinate from ad in the funicular polygon, as ^ry, meas- 
ured to the inclined hne ab, be, or cd, multiplied by the pole 
distance OH, will give the bending moments at any point in the 
prder. 

The shearing forces are equal to the distances of the 
various points of the polygon of forces from S. 

Accordingly the hatched figure gives the shearing forces at 
any section of the girder ; and the shear on the webs can be 
measured by the same scale. 

The shear on the web from R' support to the 70-ton load 
H\ is uniform, as is also the 30-ton load W, to R support. 
Between the two loads it will be noticed that there is but 
little shearing force. 
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GIRDER SUPPORTING TWO CONCENTRATED LOADS AND A 
UNIFORMLY DISTRIBUTED LOAD. 

In a girder supported at both ends, the bending moments 
at any point produced by all the loads is the sum of the 
moments produced at that point by each of the loads sepa- 
rately. This is a combination of the two previous examples, and 
each is to be taken separately. 

The polygon for the concentrated loads to be drawn under, 
and the parabola for the uniform load over, the girder. 

Example : What metal area would be required in the 
flanges of a box girder i6 inches wide, 32 feet span, 3 feet in 
depth, to sustain 60 tons concentrated ID feet from right 
support, 40 tons 10 feet from left support, and a uniformly 
distributed load of 80 tons, with 6 tons unit strain per square 
inch in the flanges? 

Draw the triangles Fig. 34, having vertices at / and k, rep- 
resenting bending moments by 

M=WX ^-^ for loads W, and fT. (Example IIX 

Atffor W„ M = 

32 

At^for W,, J/ = 6o X 15_^i^ =412.5 ton.feet. 

Draw the vertices e/ and ^k by scale equal to 125 and 412. 5 
ton-feet respectively, and connect each to ad; extend y^ (equal 
to ei) to 6, and ^A {equal togi) to c, and connect a, b, c, d. 
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Then eb and ge measured by same scale will give the bend- 
ing moments produced at e and g by ff, and W^ . 




' > 



Draw the parabola for the uniform load, making FD, by 
the same scale as for the concentrated loads, equal to the 
moment at the centre of the girder by formula : 

., WL 80 X 32 
At centre, M= -„— = — - — = 320 ton-feet. 

The bending moment due to the two concentrated loads and 
the uniform load at any point in the girder is equal at that 
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point to the sum of the ordinates of the parabola RDR and 
the polygon abed. 

Then at W, , the ordinate of the parabola mn and the poly- 
gon g<^, 

M = 812.5 ton-feet. 

Or at g,iox W^ , M = (>o y. = 412.5 ton-feet ; 

* " Wi, M=: 40 X ^^^ = ras.o « 



J/ =812.5 " 

Flange area = ^ = 45.12 square inches. 

Construction of Flanges.— Then to make up the 45.12 
square inches in the flanges at g^, we would require : 

Top flange = 2 angles 6" x 4" X i" = n.72 square inched. 

1 plate 16" X i" = 12 " 

2 plates r6" x -{-J-" — 22.00 " 

Total, 45.72 " 

For the bottom flange we deduct n'vet-holes, then using 
f-inch-diameter rivets and allowing \ inch more, we have for 
one hole ^ + ^ + ^ + ^X i =2^ inches, for two holes 
2-fl x 2 = 5i square inches, to be added to the bottom flange 
at^, or 45.12 + 5- 525 = 50.62 square inches. 

• Refer 10 formula under girder of one conceniraled load not at centre. 
f Refer to formula under girder of a uniformly distributed load. 
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Bottom flange = 2 angles 6" X 4" X 4" = 1 172 sq. in. 

I plate 16" X i" = 14-00 " " 

1 " 16" XH" = "300 " " 

I " 16" X 1" = 12.00 " " 

Total, 50.72 " " 

Webs. — ^The reactions due to both uniform and concen- 
trated loads may be obtained by adding together the reactions 
due to the uniform load and each concentrated load, or they 
may be computed in one operation. 

To find the right reaction, R! , the centre of moments is 
taken at the left support and the uniform load regarded as 
concentrated at its middle ; then the equation of moments is 

^'X 32 = 60X22 + 40 X 10 + 80 X 16, 

from which R' = 93.75 tons. In like manner, to find R the 
centre of moments is taken at the right support and 

^X 32 = 60 X 10 + 40 X 22 + 80 X 16, 

from which R = 86.25. As a check the sum of R' and R is 
seen to be 180 tons, which is the same as the sum of the two 
concentrated loads and the uniform load. 

The thickness of web may then be determined by the for- 
mulas: 



rf>& 36 X 6000 
At .ff, ^ = 



= .868 = \ inch. 



36 X 6000 

Adopting the greater thickness and having two webs, each 
will be one half of \ or ^. 
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StifTeners. — To determine whether we require stiffeners : 
Safe resistance to buckling 

= ^ ^ = 3009 lbs, per square inch. 

^ + 3000 X iV X tV 

But having adopted 6000 lbs. per square inch as the safe 
shear, we will require stiffeners to be placed throughout the 
length, from W^ to R and H^„ to R', spaced about 3 ft, centres. 
No stiffeners are required between W, and W,,, there being 
little shear on the webs in that length. Refer to the diagram 
Pig- 35- 

Then to stiffen the web against buckling, place a 4" X 4" 
Xi" angle outside of web. We then have for the thickness -^ 
+ i = H hich, and the formula becomes: 

Safe resistance to buckling 

- 6700 lbs. per square inch. 



I 36 X 36 
■^ 3000 X +1 X H 

Rivets. — The shearing area is again used in this example 
and J-inch-diametcr rivets. 

The safe single shear for each \ rivet by table = 4510 
pounds per square inch. The maximum bending moment is 
at g, and M =■ 812.5 ton-feet. Then divided by the depth, 
the horizontal strain = — '— = 270,2 tonsor 540,400 pounds. 
This divided by 4510= 119 rivets, to be placed a distance 
of 120 inches for one web or 240 inches for both, spaced about 
2 inches centres (staggered) from position of maximum M to 
R' support, from g to e. It will be noticed in the diagram Fig. 
35 that there is but little sheer on the web ; therefore the max- 
imum (6 inches) spacing should be adopted. 
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The rivet spacing from e to R will be regulated by the 
horizontal strain at that point. 

K\.e,M= 737.625 ton-feet. 

Horizontal strain = '^^ — - = 245.875 tons or 491,750 pounds, 

and then divided by 4510 = 109 rivets, to be placed a distance 
of 130 inches for one or 240 inches for both webs, spaced about 
2i inches (sta^ered) from e \.o R support. 

Graphical Representation for Two Concentrated Loads 
and a Uniform Load. — In the following diagram, Fig. 35, we 




have a combination of the previous examples. The uniform 
Joad to be considered is a system of equal and equidistant loads 
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close together, as in Fig. '28, In determining the reaction on 
the support, we set the given loads W, , W, , W,, . . . W„ off in 
succession along the line PP. The uniform load of 80 tons 
being divided into 16 parts, each equal to 5 tons, set W, *of 5 
tons at I ; H^, of 5 tons at 2 ; W^ol 5 tons at 3 ; ^, of 5 tons 
at 4 ; W, of s tons at 5 ; W, , the concentrated load, at 6 ; and 
so on to the end. The line PP' xs then the polygon of the 
forces, and P'P, the closing line, is the resultant. 

Take any point ^ as a pole equal to ten units of the scale 
adopted, and draw the radii OP, Oi, O2, Oi, O4, 0$, . . . O18. 
Then describe the funicular polygon a^cd . . . stuv hy drawing 
at parallel to OB, be parallel to 0\, terminating in the prolong- 
ation of W^ ; cd parallel to O2, terminating in W^ produced ; . . . 
finally, uv parallel to 0\%j terminating in the prolongatioH 
downwards of R' . 

The funicular polygon is now closed by the line va, and a 
line OS is drawn through the pole O parallel to va. 

Then as a condition of equilibrium 

the reaction at ^ = PS, and at R' = SP. 

Any ordinate from av in the funicular polygon and meas- 
ured to the inclined lines ab, be, cd, de, . . . uv, multiplied by 
the pole distance OH, will give the bending moment at any 
point in the girder. 

The shearing forces on the web can be measured on the 
hatched figure as explained in our previous examples. The 
greatest shear is at the bearings, and extends from the con- 
centrated loads Wt and ff,, to R and R'. There is little or 
no shear on the web in centre of the girder. 

The Area of Flanges reduced by the Funicular Poly- 
gon. — Construct the diagram Fig. 36, by drawing the polygon 
RDR' similar to the funicular polygon Fig, 35, 

From a point on the closing line RR' directly under the 
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maximum bending moment at F, draw FD at the same point; 
place the scale at any angle until it meets DD' perpendicular 
to FD at e, measuring 45.12 square inches of the top flange. 

For the two angles set off S-86 square inches each at a and 
b, then one plate 16 X J or 12 square inches at c, two plates 




Fig. 36. 



16 X -H °'' ^' square inches each at </and e. Horizontal lines , 
drawn to FD. and again lines drawn from FD parallel to RR', 
intersecting the polygon and carried up to RR', will give the 
position of the plate in each flange. The angles and adjoining 
plates to extend the full length of girder. The other plates to 
«xtend over the calculated distance to reach at least four cross> 
lines of rivets. 
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X X X X 

>o ^ ^ ^ 



' -o . £ X . . . E 

J B ;; ^ Ss >o o -o 
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GIRDER SUPPORTraC THREE CONCENTRATED LOADS. 

In a girder supported at both ends, the bending moment at 
any point produced by three concentrated loads is the sum of 
the moments produced at that point by each load separately. 

Example : What metal area would be required in the flanges 
tA Abox girder oi 35 feet span, 2 feet 6 inches in depth, to sustain 
40 tons concentrated 5 feet and 70 tons 15 feet from left sup- 
port, and 60 tons concentrated 10 feet from right support, 
the girder to be 20 inches wide ? 

Draw the triangles Fig. 38 as in the previous examples, 
having vertices at /, i, and k, representing bending moments by 



for loads FT, , W, , and ff', , as in Example II. 



At H, for W, , Jf = 40 X ^^r^ = 171-43 ton-feet 



At/, for W,. M= 70 X '^ ^ ^^ = 600.00 



Draw the vertices A/, /*"> and ^* by scale equal to 171.43,600, 
and 428.57 ton-feet respectively. Connect each to Ji and R'. 
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n 



Extend ht to b, equal to the sum of hr and ks ; extend fi to 
c, equal to the sum of fo and fn ; extend gk to d, equal to the 
sumof^/andjW. Connect a, ^, •;, and d. Then kb,fc, vaAgd, 




'■jc-'" 



measured by same scale, will represent the bending moments 
produced at A, /, and g in the girder by loads W^ , JV^, and IV,. 

At any point in the girder, as x,y or s will, by same scale 
measured from base line a^ to the polygon adcde, represent 
the bending moments at their respective points. 

Then by scale : 

At A, J/ = 457- 1 3 ton.feet Aty,M= 878.57 ton-feet. 
" X, " = 714.28 " " g. " = 785-71 " 

" /, " =971-42 " " 1, " =392-85 " 
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From the above diagram it will be observed that the maxi- 
mum M occurs at point f. For the proof refer to Fig. 20, 
diagram of one concentrated load not at centre. 

At /, for W. , ^ = ;o X '^ ^ ^° = 600 ton-feet. 



At/, for W, ,M- 60 X ^°^ '^ = 25;.i4 
Max. M = 971.42 
Area of flange = ^^7^ = 64.76 square ji 



Construction of Flanges. — To make up the 64.76 square 
inches in the flanges at /we would require: 

Top flange = 2 angles 6" X 4" X |" = 11.72 square inches. 
. I plate 20" X J" =15-0 " " 

3 plates 20" X 4" == 37-5 

Total, 64.22 " " 

.54 of an inch less than required. 

For the bottom flange we deduct rivet-holes. Then using 
f-inch-diameter rivets and allowing J inch more, we have for 
one hole {" + 1" + \" + \" + f " X i " = ¥■, for two holes 
^ X 2 = ^ ^ 6f square inches. On account of the closeness 
of the rivets it will be noticed, by referring to the girder 
drawing Fig. 41, another hole in the vertical leg of the angle 
will require to be deducted ; we have then for one hole f X l 
= J, for two holes f X 3 = ^ = 'i square inches, to be added 
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to the bottom flange at/, or 64.76 + 6.375 + *-2S = 72.385 
square inches. Then 

Bottom flange : 2 angles 6" X 4" X |" = 1 1-72 sq. inches. 
4 plates 20" X J" =60 " " 

Total, 71.72 " " 

Webs. — To find the right reaction at R\ the centre of 
moments is taken at the left support. Then the equation of 
moments is 

/f'X 35=40X 5 + ;oX 15+60X 25. 

from which R' = — — = 78.57 tons. In like manner to find 
R, the centre of moments is taken at the right support, and 

^ X 35 = 60 X 10 + 70x20 + 40x30, 



from which R = —— — = 91.43 tons. As a check, the sum of 

R' and R is seen to be 170 tons. 

Then the thickness of the web becomes • 



At R', t = ' — ^t^ — = .873, nearly | of an inch. 
' 30 X 6000 '■' ■' * 



. „ 182860 . , 

At R, t = -7--rz:--— i.iS. say I mch. 
30 X 6000 ■" ' 



Adopting the greater thickness and having two webs, each will 
be i inch thick. 



ovGoO'^lc 



78 COMPOUND RIVETED GIRDERS. 

Stiffenera. — To determine whether we require stiffeners : 
^fe resistance to buckling 

lOOOO , . . 

^ 30 X 30 ~ '*S4S pounds per square inch. 

^ "^ 3000 X 4 X i 

This being less than 6000 pounds, the safe shear per square 
inch, the webs will require stiffeners at bearings, under each 
concentrated load, and the intervening distances from R to 
W, , IV^to Wt, iV, to R', every three feet. No stiffeners are 
required between IV^ and IV,. Refer to Diagram Fig. 4a 

Then to stiffen web at the above-stated points, place a 4" 
X 4" X t" angle on outside of each web, and the formula 
becomes : 

Safe resistance to buckling 

lOOOO „ . . . 

~ ^o V xQ ~ 7'^+ Poi^""s per square men. 



"^ 3000 X i X J 

Rivets. — The safe shearing area of a f-inch-diameter rivet 
from table = 4510 pounds. 

The maximum bending moment at/": 

J/ — 97142 ton-feet 

Horizontal strain = ^Z-i'L — 3g8.66 tons or 777,320 pounds. 

This divided by 4510 = 170 rivets, to be placed a distance 
of 180 or 360 inches in both webs, spaced about 2\ inches- 
(st^gered) from /to R support. 
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The maximum bending moment at g; 
M = 785.71 ton-£eet. 

Horizontal strain = ' ^'' = 3144 tons or 629,000 pounds. 

Then divided by 4510 = 139 rivets, to be placed a distance 
of 120 inches for one or 240 inches for both webs, spaced about 
ij inches (staggered) from g- to R'. 

The rivets to be spaced between W^and ff,, 6 inches centres. 

Flange Plates reduced in Area towards the Sup- 
ports. — Draw the diagram Fig. 39, as in our previous examples, 
upon the span Ji R', making the polygon RBDCR' similar 
to the bending moment polygon. Fig. 38. At F, 15 feet from 
R support, draw FD equal to the maximum. 




Bending moment due to the su 
Lt that point, or 971.42 ton-feet. 



tioftheloadff., W:.,and W. 
Draw the rectangle RCER' ; 
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then from F place the scale at any angle, as at Ff, until it 
measures 64,76 square inches of the top flange. For two angles 
set off 5-86 square inches each at a and b ; one plate 20" X i", 
or 15 square inches, at c ; 3 plates 20" X|", or 1.25 square inches, 
each at e, d, and f. Horizontal lines drawn from a, b, c, d, e, 
and / to the polygon and carried down to base line RR' will 
give the position of plates in each flange. 

The angles and adjoining plates to extend the full length of 
girder. The plates to extend over the calculated lengths, equal 
to two cross-lines of rivets. 

Graphical Representation of the Bending Moments 
and Shearing Forces for Three Concentrated Loads. — 
We have in this example a girder of 35 feet span, 10 sustain a 




concentrated load of 40 tons 5 feet from R support, 70 tons 
20 feet, and 60 tons ro feet, from R' support. We shall first 
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determine, as in our previous examples, the pressure on the 
supports. 

Set the given loads ff,, W,, and W^, Fig. 40, off in succes- 
sion along a line PP' : W, of 40 tons at l, W, of 70 tons at 2, 
and W, of 60 tons at 3. The line PP" is thus the polygon of 
the forces ff , , W, , and W, , and P'P, its closing line, is their 
resultant. Take any point O as pole, equal to ten units of the 
scale adopted, and draw the radii OP, 0\, O2, O3. Then 
describe the funicular polygon a^de by drawing ah parallel 
to OP, terminating in W, produced, dc parallel to Oi, cd 
parallel to O2, terminating in the prolongation of W^ and W, 
respectively, and de parallel to O3, terminating in the prolonga- 
tion downwards of R' . The funicular polygon is now closed by 
the line ea, and a line OS is drawn through the pole O parallel 
to ea. Then as a condition of equilibrium, 

the reaction at ^ = PS, and at ^ = SP. 

The bending moments at any point in the girder can be 
measured by the ordinates of the funicular polygon multiplied 
by the pole distance OH. The shearing forces at any point on 
the webs to be measured from the hatched figures. The maxi- 
mum shear on the webs is at R support, and is equal by scale 
to 91.43 tons, the same as previously calculated. 
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SRJ I 
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Example VII. 

GIRDER SUPPORTING FOUR CONCENTRATED LOADS. 

The bending moment at any point produced by all the 
loads is the sum of the moments produced at that point by each 
of the loads separately, being the same as two and three con- 
centrated loads. 

Example : What metal area would be required in the 
flanges of a box girder of 40 feet span, 3 feet in depth, to sustain 
20 tons concentrated 5 feet and 60 tons 1 5 feet from left sup- 
port, 50 tons 10 feet and 30 tons 5 feet from right support, 
the girder to be 20 inches in breadth. 

Draw the triangles. Fig. 42, having vertices at n, t,x, and q, 
representing bending moments by 

M= Wx- ' * 

At^, for W, , JW - 20 X ^-^i-?i- = 8;. 5 ton-feet. 
40 

At k, (or W., i/ = 60 X '^^^^ = 562.5 



At t, for W,, J/= 50 X '°^^° = 375 " 

AtA, for H',,Af=3oX -^-^^ = 131.25 " 
40 

Draw the vertices gn, ht, ix, and kq by scale equal to 87.5, 
562.5, 375, and 131.25 ton-feet respectively, and connect each 
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with R and J?*. Extend gn to b, equal xa gl -i^ gm -\- go \ ^yi- 
tend ht to c, equal to kp -^ hr -\- hs ; extend ix to </, equal to 
» + (v + Mf; extend ^ to e, equal to *;' + -tj' + kz. Con- 




nect (I, *, €, d, e, f. Then gb, he, id, and ^f, measured by same 
scale, will represent the bending moments produced at g, h, i, 
and k in girder by loads W, , W, , W,, and W, - 

Then sXg, M= 356.25 ton-feet; at i, M ■= 781.25 ton-feet. 
a.tk,M= 868.75 " at -6, J/ = 737.50 

The maximum bending moment due t6 the several loads it 
can be seen at a glance on the diagram is.under the load at A, 
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the point in the girder requiring the greatest amount of metal 
in the flanges. 

At A, ^=868.75. 
A = ^ = 48.27 square inches in the top flange. 

Construction of Flanges. — To make up the required sec- 
tion we will construct the section as follows ; 

Top flange = 2 angles 5" X 3i" X \i" = 10.74 sq. inches. 
3 plates 20" X §" = 3;-S 

Total, 48.24 " 

For the bottom flange we deduct the rivet-holes, then using 
5"-diameter rivets and allowing -J" more, we have for one hole 
H" + t" + t" + f" X I" = H"' for two holes H X 2 = 
H = si si"a''^ inches, to be added to the bottom flange at A, 
or 48.24 + 5.125 = 53.365 square inches. 

Bottom flange = 2 angles 5" X 3i'' X H" = '0-74 sq- inches. 
2 plates 20" X i" = 3aoo " 

I " 20" X t" = 13.5 

53-24 

Webs. — To find the shear on the web at R', the centre of 
moments is taken at R. 

Then R' X 40 = 20 X 5 + 60 X 15 + 50 X 3° + 30 X 35. 
from which R' = 88.75 tons = 177,500 pounds. 

In like manner to find R, the centre of moments is taken 
at.ff'. 

Then ^ X 40 = 30 X 5 + 5© X 10 -|- 60 X 25 + 20 X 3S. 
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from which R ~ 71.25 tons or 142,500 pounds. As a check, the 
sum of R' and R is seen to be 160 tons, which is the sum of 
the four loads. 

The thickness of web is then determined by the greatest 
shear. 

At/e',< = -^^^^=.82l,sayimch. 



Having two webs, each will be -^" thick. 

Stilfeners. — To determine whether we require stifleners: 
Sa/e resistance to buckling 



3000 X iV X iV 



: 3069 pounds per square inch. 



Having adopted 6000 lbs. per square inch for safe shearing, 
the webs will require to be stiffened at the bearings, also under 
each concentrated load and between ff, and W^ , H^, and R' 
support, two stiffeners between ff, and JV,, and one between 
W, and R support. Between loads W, and IV, there is very 
little shear {see diagram Fig. ). 

By riveting 4" X 4" X iV" angeles on the outside of webs, 
we have for the thickness of each web ^" + ■^" = ■^". 

Then the formula becomes 



= 6392 lbs. per square inch. 



3000 XHXH 



Rivets. — Using f -inch-diameter rivets, the safe shear per 
square inch from table equals 4510 lbs. 
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The maximum bending moments at h : 
M = 868.75 ton-feet 



Horizontal strain = — -^ = 2^^-^^ tons or 579-1^ pounds. 



This divided by 4510= 128 rivets, to be placed a distance of 
180 in one or 360 inches in both webs, spaced about 2|-| 
inches from A to ^ support. 

The maximum bending moment at *' : 

M = 781.25 ton-feeL 
Horizontal strain = ■ - ' ■ - ; 

This divided by 4510 =115 rivets, to be placed a distace 
of 180 in one or 360 inches in both webs, spaced about 3J 
inches from * to K support. 

The rivets between h and i to be spaced 6 inches centres. 

Flange Plates Reduced in Area towards the Sup- 
ports. — Draw the Diagram Fig. 43 equal and similar to the 
polygon Fig. 42, a, b, c, d, e, and / representing the bending 
moments due to the sum of all the loads at the points^, A, (, and k. 

Draw the rectangle RCER'. Then from F place the scale 
at any angle, as at Fe, until it measures 48.2 square inches of 
the top flange. For two angles set off 5.37 square inches each at 
a and b; three plates 20" X 4" or 12.5 square inches each at 
c, d, and e. Horizontal lines drawn from a, b, c, d, and e to the 
polygon and carried down to base line RR' will give the position 
of plates in each flange. 

The angles and adjoining plates to extend the full length 
of girder. 
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The plates to extend over the calculated lengths equal to 
four cross-iines of rivets. 




Fio. 4^ 



Graphical Representation of the Bending Moments 
and the Shearing Forces for Four Concentrated Loads. 
— We have in this example a girder of 40 feet span to sustain 
concentrated loads of 20 tons 5 feet and 60 tons ij feet from 
R support, 50 tons 10 feet and 30 tons 5 feet from R' support. 

Set the given loads W^, W,, IV,, and iV, , Fig. 44, off in 
succession along a line PP ': IV^ of 20 tons at I, W, of 60 tons 
at 2, W, of 50 tons at 3, and W^ of 30 tons at 4. The line PP" 
is thus the polygon of the forces iV^, W,, ff, ,and W,,and 
PP", its closing line, is their resultant. Take any point as 
pole, egua/ to ten units of the scale adopted, and draw the radii 
■OP, 0\, O2, Ol, O4. Then describe the funicular polygon 
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abcdef, by drawing ab parallel to OP, terminating in W, pro- 
duced ; be parallel to 0\, cd parallel to Oi, de parallel to O3, ef 
parallel to O4, terminating in the.-prolongation of K down- 



ft S) 




wards. The funicular polygon is now closed by the line fa, 
and a line OS Is drawn through the pole O parallel to fa. 
Then as a condition of equilibrium 

the reaction at /£ = PS, and at R' — SP', 

The bending moments at any point in the girder can be meas- 
ured by the ordinates of the funicular polygon multiplied by 
the pole distance Off. 

The shearing forces on the webs to be measured from the 
hatched figure. 
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Example VIII. 

STEEL GIRDER SUPPORTING FIVE CONCENTRATED LOADS. 

In this example the calculations for the shear on the webs 
and the transverse strains at any cro3S>section of the girder will 
be purely graphical 

Example: What metal area would be required in the 
flanges of a steel box girder of 50 feet span, 4 feet in depth, to 
sustain the following concentrated loads: 30 tons 10 feet, 40 
tons 1 5 feet, 60 tons 20 feet from left support, 100 tons 20 
feet and 50'tons 10 feet from right support? 

7 tons unit strain per square inch for the flanges, and 70CO 
pounds safe shear per square inch on the webs. 

Draw the diagram representing the girder^ Fig 47, to a 
scale of J of an inch per foot, with two supports and loaded 
with ff, , H^, , Wf, W, , and W, , representing each concentra- 
ted load respectively. 

Set the given loads off in succession along the Une PP' by 
same scale, equal to ID tons per foot : W, of 30 tons 3 feet at 
i; W, of 40 tons 4 feet at 2; W.of 6aions6feet at 3; W^ of 100 
tons 10 feet at 4 ; W, of 50 tons 5 feet at 5. The line PP' is 
(hen the polygon of the forces W, . . . If, , and P'P, its closing 
line, their resultant, 

Take any point as pole, say 10 feet distant from PP, and 
draw the radii OP, 0\, O2, C3. C4, and Os- Then describe 
the funicular polygon abcdefg, by drawing ah parallel to OP, 
terminating in W^ produced ; be parallel to 0\, terminating in 
the prolongation of W, . . . ; and finally^ parallel to O^, ter- 
minating in the prolongation downwards of R'. 

Close the funicular polygon by the line ^a, and draw 
throi^h the pole O a line OS parallel toga. 
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Then the reaction at R will equal the distance measured 
from 5 to P, and the reaction at R' the distance from 5 to /" ; 
or, the shearing forces are equal to the distances of the various 
points of the funicular polygon of forces from S. Accordingly 
the shearing lorces have been taken from the polygon of forces 




and used as segments of PP', to which they correspond ; thus 
the hatched figure is obtained which is termed the "shearing- 
force diagram." 

The shear on the web by scale : 

At ^ = 13 feet gfi inches * or 13.8 X 10 = 138 tons. 

At R' — 14 " 2f " " 142 X 10 = 142 " 

* To facilitate ihe caleuktioo it wonld be well to adopt a scale In tenths 
Instead of in feet and inches. 
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Then the thickness of webs at R, 
2 76000 



r 



= „ ' = .821, say I inch. 

48 X ;ooo ' " 



The girder having two webs, each will be -^ of ah inch 



thick 



A'*''^=5rl^=««''^^"""'- 



Each web will therefore require to be ^ of an inch thick from 
end to end, and 48 inches in depth. 
To repeat : 

The shear under load W, = 138 tons. 

" W^ = 138 -30 =108 " 
" " " " »;= 138 -(30 + 40)= 68 " 
" " " " W. = 142 — so =93 " 
'■ " " " IV, = 142 " 

From the above it will be noticed that the thickness of 
webs would vary from each concentrated load towards the 
supports ; if they were proportioned accordingly, it is doubtful 
whether the saving in iron would compensate for the additional 
splicing, punching, and riveting; in very lai^e girders there 
would be, but for girders 4 feet in depth and under it is hardly 
practicable. 

Determination of the Bending Moments. — The maxi- 
mum bending moment in the girder is at the greatest load, IV, , 
and the distance by scale from e in the funicular polygon to 
the closing line ga measures 23 feet 4^ inches, or 23' 4". This 
multiplied by 10 (as we adopted a scale of 10 tons per foot), 
and again by the pole distance, 10, (Ofl,) = 2340 ton-feet. 

Area of flange = —3— = 83.57 square inches at W.. 
4X7 
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At W,, M measured from d to the line £a = 13 feet g^ 
inches, or 13.8 X 10 x 10 = 1380 ton-feet. 



At IV,, Af measured from C= 19 feet 2f inches, or 19.2 
X 10 X 10 = 1920 ton-feet. 

A = — — = 68.57 square inches. 
4X7 

At IV,, M measured from Z? = 22 feet 7^ inches, or 22.6 
X lOX IQ = 2260 ton-feet. 

, 2260 „ . , 

A = = 80.7 square mches. 

4X7 

At W,, Jf measured from/= 14 feet 2f inches, or 14,2 X 
10 X 10 = 1420 ton-feet. 



Construction of Flanges. — To make up the 83.57 square 
inches in the top flange at e, we construct the section as 
(oUows : 

Top flange = 6" X 6" X H" = 18.12 square inches, 
2 plates 24" X J" = 36.00 " " 

2 " 24" X i" = 30.00 " " 

Total, 84.12 '■ " 

For the bottom flange deduct two rivet-holes in the hori- 
zontal leg of the angles connecting the flange and two holes in 
the vertical leg connecting the webs, then using J-diameter 
rivets and allowing J" more, we have for one hole in the flange 
H" + i" + i" + i" + i" X '" = 3A". ioT two holes 3A" X 
2" = ji inches. 
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For one hole in the vertical leg of the angle } X i — i ; 
(or two holes J X 2 = ij square inches. Then for the bottom 
flange 83.57 + 7-125 + I. S = 92.19s square inches. 
Bottom flange = 2 angles 6" X 6" X -tf" = 18.12 sq. inches. 
1 plate 24" Xi" =21.00 " 

3 plates 24" X J" = 54.00 " " 

Total, 93-12 " " 
Stiffeners. — To determine whether we require stifieners : 
Safe resistance to buckling for steel 

— = 2200 lbs. per square inch. 



* + 3000 X ,V X ,V ■ 

Having adopted 7000 pounds per square inch for shearing, 
the webs will require to be stiffened at the bearings, under 
each concentrated load ; one stiffener between R and ff,, one 
stifEener between W, and W, , and two between W^ and R' sup- 
port. 

By riveting 5 X 5 X f angles on the outside of the webs 
at the above points, we have for the thickness of each web 
i + i^ = +4 inches. 

Then the formula 



48X.J 



= 7448 lbs. per square inch. 



"^ 3000 X H X H 
Rivets. — Using ^inch-diameter rivets, the safe shear per 
square inch equals 4510 pounds. 

The maximum bending moment at e\ 

M = 2340 ton-feet 

Horizontal strain = -^ = 585 tons or 117,000 pounds. 
4 
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96 COMPOUND RIVETED GIRDERS. 

This divided by 4510 =259 rivets, to be placed a distance 
of 240 inches in one or 480 inches in both webs, spaced about 
\\ inches (staggered) from e to R' support 

From Eto R support the 259 rivets to be placed a distance 
of 360 inches in one or 720 inches in both webs, spaced about 
2-f|- inches. On account of the greatest horizontal increments 
of strain in the web at the supports, the rivets should be spaced 
closer as the ends are approached. 

Area of Flanges reduced towards the Supports. — 
Construct the diagram Fig. 48 by drawing the polygon 
RBCDGR' similar to the funicular polygon, Fig. 47. 




From a point on the closing line RR' directly under the 
maximum bending moment at F draw FD. At F place the 
scale at any angle, as at Fg, on a horizontal line DD', until it 
measures 83.57 square inches of the top flange. For two angles 
set off 8.61 square inches each at a and b ; two plates 24 X J, or 
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EXAMPLE VIII. 97 

18.36 square inches, each at c and rf; two plates 24 X fi.or 15.3 
square inches, each at e and/l The additional inch tn the top 
plate extends beyond the line D'D. Horizontal lines drawn 
from ab...fX.o FD, then to the polygon parallel to RBCDGR', 
and carried up to the base line RR' , will give the position of 
the plates In both flanges. 

The angles and adjoining plates to extend the full length 
of girder, _ _ 

The other plates of the flanges to extend longer than the 
calculated distance, as previously explained. 

A Cantilever Girder. — A simple girder is a girder resting 
upon two supports ; a cantilever girder rests upon one support, 
in its middle, or the portion of any girder projecting out of a 
wall or beyond a support. 

We have so far considered the effect of loads on girders 
supported at each end. 

The bending moment of a girder resting on one support, as 
a cantilever, is equal to the weight multiplied by the distance 
from the weight to the support, or 

M= WL. 

The bending moment at any point in the girder when the 
weight is at the end is equal to the weight multiplied by the 
distance from the support minus the distance from the support 
to point desired, or 

Suppose we have the cantilever Fig. 49, loaded at the end 
with W. Then will the bending moment at any section, as at 
X. be obtained by multiplying Why bx\ that at RF being WL. 

If now we lay off FD to scale to represent this, and join D 
with the end of girder, then will any ordinate, as x orjr, repre- 
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98 COMPOUND RIVETED GIRDERS. 

sent (to the same scale) the bending moment at a section x 

The strains in top and bottom flanges are reversed to those 
in a simple girder supported at both ends — the bottom flange is 



1 




in compression, while the top is in tension; but the calculations 

for the rivets, buckling and shearing of the webs are the same. 

The shear on the web will be equal to the total load, or 



Gh-der fixed at one End supporting a Uniformlr 

Distributed Load. — If we have a uniformly distributed load, 
wc would have for the line corresponding to FD a curve 
(concave), or 



M = 



WL 



Then any ordinate, vs x or y, drawn to the curved line will 
represent the bending moments at the corresponding point of 
the girder. 

The shearing stress will equal the total load the same as 
before. 
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Girder fixed at one End and supporting Two or 
More Loads. — When we have more than one load on the 
girder we must draw the line D to IV for each load separately, 
and then find the actual bending moment at any point by tak 
ing the sum of the ordinates (drawn from that point) of each 
of these separate straight lines or curves. 

If we then draw a new curve whose ordinates are these 
sums, we shall have the actual bending moments for the girder 
as loaded. 

The Relative Strength of Cantilever and Simple 
Beams. — The following table exhibits the most important 
results relating to the relative strength of cantilever and simple 
girders : 





Sbear. 


Muimiim 
Bending 


Maximum 


Rslative 
Screnglh. 








I iVL* 




Cantilever uniformly loaded 


W 


iJTi 


1 WZ* 

z-eT 


»* 


Simple girder, load at centre .... 


iW 


iJVL 


I WL' 

Ji-ET 


i6 


Simple girder uniformly loaded. . 


ilf 


\(VL 


5 WL* 
384 EI 


''5J 



fV = load in inches; L = span in inches; E = modulus of elasticity Id 
ponnds-inch; / s= moment of inertia of cross-section in inches. 

Experiments on riveted girders have given moduli of elas- 
ticity considerably lower than for solid sections, as I beams. 
Owing, however, to imperfections in riveting, etc., the compound 
section will deflect much more. 

Therefore about 15 per cent less than that adopted for the 
solid section should be used, say 32,000,000 for wrought-iron 
and 24,000,000 for steel, 2j,cco,ooo and 29,000,000 being the 
average for solid sections. 
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COMPOUND RIVETED GIRDERS. 



The Moment of Inertia for Rectangular Sections, such 
Compound Riveted CKrders, as Fig. 50 and Fig. $1. 




Fic 50. Fla> s*> 

Fig. so, / ^ '-^ :^ ^^-^. 

A/» _ bd^ - b,,d* ~ b„d,' ~ b„„d„,^ 
Fig. 51, / = '-^ 13 tuLjMJ-, 

N.B.^The value of — , — , -^i and -^ repreaenu one side only ; for iit- 
VUDce if - = 1 of Ml iach, i, = :) iacb. Tbe same applies to ^ 
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PART IV. 
TABLES. 

AVERAGE WEIGHT. IN POUNDS. OF A CUBIC FOOT OF 
VARIOUS SUBSTANCES 

Aluminum, 163 

AQthracile. solid, of Pennsylvania, 93 

" broken, loose, 54 

" heaped bushel, loose, (80) 

Ash, American white, dry 38 

Asphailum, 87 

Brass, (Copper and Zinc,) cast 504 

rolled 534 

Brick, best pressed 150 

" common hard, 135 

" soft, inferior 100 

Brickwork, pressed brick 140 

" ordinary, , , .113 

Cement, hydraulic, ground, loose, American, Rosendale, . . . -50 

" " " " " Louisville 50 

" " " " English, Portland 90 

Cherry, dry 43 

Chestnut, diy 41 

Clay, potter's, dry, II9 

" in lump, loose, 63 

Coal, bituminous, solid 84 

" " broken, loose, 49 

" " heaped boshel, loose (74) 

Coke, loose, of good coal. . , 63 

" '■ heaped bushel (40) 

Copper, cast 542 

rolled, 548 

Earlh, common loam, dry, loose, 76 

" " '■ moderately rammed 9S 

" as a soft flowing mud, luS 

Eliony, dry .76 

Elm, dry, ■ ■ ■ ■ - 35 

Flint i6a 

Glass, common window, 157 
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102 WEIGHT OF A CUBIC FOOT OF VARIOUS SUBSTANCES. 

Gold, cast, pure, of 34 carat 1304 

" pure, hammered, 1317 

Granite 170 

Gravel, about the same as sand, which see. 

Gypsum (plaster of paris) 142 

Hemlock dry 25 

Hickory, dry • • 53 

Hornblende, black, 203 

I<^ 58.7 

Iron, cast, 450 

" wrought, purest 485 

" " average 480 

Ivory, 114 

Lead 711 

Lignum VitK, dry, 83 

Lime, quick, ground, loose, or in smalt lumps, 53 

" " " thoroughly shaken, 75 

'■ " " " per struck bushel (66) 

Limestones and Marbles, 16S 

" '■ " loose, in irregular fragments, .... 96. 

Magnesium 109 

Mahogany, Spanish, dry 53 

" Honduras, dry, ......... 35 

Maple, dry, 49 

Marbles, see Limestones. 

Masonry, of granite or limestone, well dressed, 165 

" " mortar rubble, 154 

" " dry '• (well scabbled.) 138 

" " sandstone, well dressed, 144 

Mercury, at 33* Fahrenheit, 849 

Mica 183 

Mortar, hardened 103 

Mud, dry, close, Soto no 

" wet, fluid, maximum, ......... 130 

Oak. live, dry 59 

" white, dry, ......... ,.50 

" other kinds, 33 to 45 

Petroleum. 55 

Pine, white, dry, .•.•••..... 35 

" yellow, Korthera, • • • 34 

" " Southern, 45 

Platinum, 1342 

Quarti, common, pure 165 

Rosin, ,•• 69 

Salt, coarse, Syracuse, N. Y 45 

" Liverpool, fine, for table use • • • . 49 
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WEIGHT OF A CUBIC FOOT OF VARIOUS SVBSTANCES.\OJ, 

'Sand, of pure quartz, dry, loose 90 (o lod 

" well shaken, . , .9910117 

" perfectly net laa to 14s 

Sandstones, fit for building, 151 

Shales, red or black, l£3 

Silver, , .... 655 

Slate, 175 

Snon, freshly fallen, ... 5 to la 

" moistened and corapacied by rain, 15 to 50 

Spruce, dry 35 

Steel. 490 

Sulphur . 135 

Sycamore, dry, 37 

Tar. «3 

Tin, cast 459 

Turf or Peat, dry, unpressed, . . . , . . . . 30 to 30 

Walnut, black, dry 38 

Water, pare rain or distilled, at 60° Fabnenbelt, ti3| 

Wax, bees, , , . . 60.5 

Zinc or Spelter, 437 
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WEIGHT OF RIVETS IN POUNDS. 



WEIGHT OF 100 RIVETS IN POUNDS. 



-.fS.- 




DiamKer of R 


Tec in locbn. 
















inloclKi 














DiuKrUeMl. 


1 


1 


1 


\ 


i 


' 


, 


5-4 


ia.5 


31.2 


38.0 


42.5 


64.6 


I 


5-9 


13-1 




29-5 


44.6 


67-3 


I 


6.3 


13.7 


13-5 


31.0 


46-7 


69.9 




6.7 


14.4 


34.7 


32.7 


48.9 


72-8 




7.0 


ij.i 


36.0 


34-a 


51.0 


75-0 




7-3 


t5.8 


37.1 


35-6 


53.3 


77.8 


S 


7.6 


16.5 


2B.3 


37-0 


55a 


8r-3 


3i 


7-9 


17.3 


39.6 


38.4 


57- S 


84.1 


4 


8.3 


17.8 


31.0 


39.8 


59-5 


86.9 




B.S 


18.4 


33.1 


41-5 


61.7 


89.5 




9.1 


19. 1 


33.a 


43-3 


63.9 


92.3 




9-5 


19.8 


34.4 


44.8 


66.0 


94-8 


aj 


9.8 


ao.5 


35-4 


46., 


68.2 


97-3 


ai 






36,. 


47-7 


70.1 




3 


I0.6 


21.9 


37.0 


49.0 


72-1 


102. 5 






23.7 


382 


50.6 


74.0 


105. 1 




11-3 


23.4 


391 


52-1 


76.3 


107.8 




II. 7 


14.0 


40.3 


53-7 


78.5 


iia4 






34.7 


41,0 


55-3 


80.2 


112.9 




"■5 


25-3 


42.0 


56.7 


83 4 


115.S 




IZ.S 


26.0 


43.9 


;8.i 


84-3 


118.0 




13a 


26.6 




60.0 


86.5 


120.6 


4 


13.6 


37.2 


45-1 


61.5 


88.7 


133.3 


4 




14.0 


18.0 


46.2 


63-2 


91.0 


125.7 


4 




14-4 


38.9 


47-t 


65.1 


93-4 


138.3 


4 




14.9 


29s 


48.0 


66,6 


55.1 


131.0 


4 




iS-3 


30 s 


48.9 


68.0 


97.3 


■33-6 


4 




I5.7 


30.9 


49.8 


69-2 


99-5 


136. a 


4 




16. 1 


31-6 


51.0 


70.9 




.38.8 


4 




16.5 


33.a 


52-1 


7a. 5 


103-4 


141-3 


5 


17.0 


33.9 


53-3 


74.3 


1052 


144-0 


Si 


17.6 


33-6 


55-6 


77-2 


109.8 


150.0 


s« 


18.3 


35.1 


56.8 


60.3 


114.1 


155-7 


5» 


18.9 


36.6 


58.0 


83-2 


118.0 


161.0 


6 


19-7 


37-7 


59-9 


86. 1 


132.7 


166.1 



WEIGHT OF TWO (8) RIVET-HEADS IN POUNDS. 

I i f 1 i 

Before driving 036 .114 ■2>8 .368 ,444 

AfierdHvinK 031 .080 .160 .360 .440 

WEIGHT OF BODY PER INCH OF LENGTH. 
Before driving 03J .054 .085 .123 .167 
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DECIMAL EQUIVALENTS FOR FRACTION OF A FOOT. 105 



DECIMAL EQUIVALENTS FOR FRACTIOKS OF A FOOT. 


A 


0053 


1 


2656 


I 


5053 
5104 

SIS'" 


i 


7559 

76<H 
7656 


1 


oioS 
0260 
031a 


1 


8708 

2760 

33l3 


1 


530S 
5360 
5312 


,t 


7708 
7760 
7813 


J 


0364 
0417 
0469 


t 


3665 

39' 7 

3969 


<A 


5364 

54" 
5469 


t 


7865 
7917 
7969 




0511 
0573 
06x5 


31 
1? 


3031 

3073 

3135 


1 


5531 

5573 
5635 


1 


8011 
8073 
8135 


I 


0677 
0729 
0781 


3( 


3177 
3329 

3381 


1 


5677 
5739 
5781 


it 


8177 
8339 
838! 


t 


311 

0937 


:f 


3437 


k 


5833 
588S 
5937 


i^ 


8333 
3385 
8437 


I 


0990 
1042 

1094 


I 


3490 
3543 
3594 


t 


5990 
6043 

6094 


i^ 


8490 
8543 
8594 


if 


1 146 
1198 
H50 


4l 

If 


3646 
3698 
3750 


if 


6146 
6198 
6350 


i!' 


8646 

8698 
8750 


if. 


130I 
;354 


:f 

4« 


3802 
3854 
3906 


It 


6303 
63S4 
6406 


■1 


38o3 
8854 
8906 


It 


1458 
1510 

1562 


:!• 


3958 
4010 

4062 


7i 

If 


6458 
6510 
6562 




8958 
906a 


»A 


1615 
.667 
1719 


41S 
5 

SA 


41 14 

4167 
4S19 


!A 


6615 

6667 
6719 


.01! 
"A 


9"S 
9167 
9219 


Sf 


1823 
1875 


1 


4371 

4333 
4375 


1 


677" 
6833 
6875 


iil^ 


93; I 
9333 

9375 


s 


1937 
1979 
2031 


t 


4437 
4479 
4531 


£ 


6927 
6979 
7031 


;if 

ii.V 


9427 
9479 
953t 


1 


3083 


5i 


4583 


u- 


7083 
7'35 
7187 


iif 


9583 - 

815 


3' 


3340 
2292 

«344 


s i 

5 


4740 
4793 
4844 


I 


7240 
7393 
7344 


■■II 


9740 
9792 
9844 


.3 


3395 
3448 
2500 


1^ 


4896 
4948 
5000 


SI. 

9 


7396 
7448 
7500 


::f. . 


9S96 
9948 
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ICG DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH. 

NUMBER OF U. S. GALLONS (331 CUBIC INCHES) CONTAINED 
IN CIRCULAR TANKS. 



H 




• 


3 


^ 


. 


6 


' 


• 


• 




Di. 


G.I.. 


Gait. 


Gala. 


GalL 


G»Is. 


G»l». 


Gala. 


Gals. 


Gals. 


Gals. 


In. 


16.31 


12.64 


43. q6 


6S.28 


81.60 


97 -S* 


114.24 


130.56 


146.88 


J63.20 
















01 






















26 


n 


SB 




H2 


lA 




V. 


117 


90 


16S 




193.06 




24b 




S7S 














r. 






isq 


i»S 


igl 


9- 


223.93 


255.92 




51 


319 


00 




16 










140 




Ifll 


u 




■d 


257-04 


293.76 






367 




It. 




88105.7' 


isB 










4<; 






370, t( 


423 OA 






^2H 




4a 


71 


<36 


143.9s 


21s 




287 


tA 


ISq 




431 


70 


503-7- 


S7S-6t 


647 


<M 


7H) 




41 


K2 


(12 


165. 2^ 


^47 


at 


33L 




411 




41 S 


V- 


578.3.1 


660. 9( 


743 


St 


S2b 




4S 






188.0: 


2H2 


ot 


•(76 


o> 


47U 




St>4 




658. M 


752. i( 


a46 




14" 




SO 






204.00 


300 




40a 




$'0 




612 




714-00 




q.H 




























714 
















to 


146 


« 


293.8c 


440 


7< 


SH7 




734 


S' 




4' 




1175.21 


1322 




.460 




to 


177 


7C 


355 -4t 


S33 




711. 


» 




S' 






1243.9c 


I42i.6< 


'SiW 




1777 




Ti 


211 


SI 


423.001634 


SI 


a4t 




1057 


■;< 


126? 




I4B0.5C 


1692.01 


1903 


S' 


2115 




»4 


187.80 


575.60863.40 


1151.20 


143J.OO 


1726.80 


2014.60 


2302.40 


2590.20 


2878.00 



DECIMAL EQUIVALENTS FOR FRACTIONS OF AN INCH. 


Frae- 

liod. 


DecinuL 


Pne- 

IJOD. 


Declmnl. 


ir™> 


Declnud. 


Frac- 
lion. 


Dfflioul. 


Vt 


.015625 


H 


365625 


H 


. 515695 


11 


765635 


A 


.03125 


A 


28125 


H 


.53125 


H 


78125 


A 


.046875 


U 


896875 


it 


■546875 


H 


796875 


A 


.0625 


A 


3135 


A 


.5615 


« 


8125 


A 


.078125 


H 


328125 


H 


■578125 


11 


82S125 


A- 


.09375 


H 


34375 


** 


■59375 


H 


84375 


A 


.109375 


H 


359375 


H 


■609375 


H 


859375 


i 


.125 


i 


375 


* 


.635 


* 


875 


A 


.140625 


H 


390625 


H 


.&«a6is 


H 


89063s 


A 


.15625 


it 


40625 


H 


.65685 


H 


9062s 


H 


.171875 


H 


43187s 


H 


.67137s 


H 


92187s 


A 


■187s 


ft 


4375 


it 


.667S 


H 


9375 


ill 


.203125 


H 


4S3"5 


»* 


.703125 


li 


953 I 3S 


A 


."875 


H 


46875 


H 


.71875 


H 


96875 


It 


■334375 


tt 


48437s 


H 


■73437S 


H 


98437s 


i 


■ as 


i 


5 


} 


■75 
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TABLE OF CIRCULAR CAST-IRON COLUMNS. 
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iOb lABLE OF SQUARE CAST-IRON COLUMNS. 

WEIGHT OF SQUARE CAST-IRON COLUMNS IN POUNDS PER 
LINEAL FOOT. 



•i 








Thickncsi 


of Meia] 
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68 


1^7.9 
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176.4 




223-2 


246 
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375-0 


70 


131. 8 


I57-0 
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7a 
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7 
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74 


139.6 


166.4 


192.8 


2(8.8 


244-3 
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5 


318.8 


366.4 


412.5 


:& 


143- 5 


171. 1 


198.3 


225.0 


25'-3 


277 


3 


328.1 


377-3 


425-0 


78 


147-4 


175-8 


203.7 


231.3 


258.4 


28s 




337-5 


388.3 


437-5 


80 


I5I-3 


180. s 


707-2 


237-5 


265.4 


393 


° 


346-9 


399-3 


450.0 



' a and b = either side. 211 -|- 2# = number. 
Example. What U the weight per lineal foot of a 13" X 16" X i" thick 

Ans, 2a -|~ 3# = 24 -|- 36 = 56. Opposite this number, under i-inch ihick 
mclal, we find 162 5, or weight per lineal foot of a 12" X 16" X i" thick column. 

Note. — For flanges, brackets, etc., calculate the cubical contents of same 
and multiply by .26 ; cast iron averaging 450 pounds per cubic foot. 
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TABLE OF WEIGHT OF FLAT IRON. 
WEIGHT PER FOOT OF FLAT IRON. 
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TABLE OF WEIGHT OF FLA T IRON. 
WEIGHT PER FOOT OF FLAT IRON— Gw«i««Mt 

(Pot weiBlH per foM <rf Mcel add i per ccM.) 
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TABLE OF CIRCLES. Ill 

THE CIRCUMFERENCE AND AREAS OF CIRCLES FROM 1 TO 50. 
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I TABLE OF CIRCLES. 

CIRCUUFERENCE AND AREAS OF CmCLES—CanHnutd. 
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7677 


159 


48 


7-8 


65 


5807 


342 


25 




66 


3938 


593 


96 


3-8 


4! 


1604 


162 


30 


SI. 


65 


9734 


346 


36 


5-8 


86 


7865 


599 


37 




45 


5531 


'65 


13 


1-8 


66 


3661 


350 


50 


3-4 


87 


1792 


604 


81 


S-8 


45 


9458 


167 


99 


1-4 




7588 


354 


66 


7-8 


87 


5719 


610 


27 


3-4 


46 


3385 


170 


87 


3-3 


67 


I5'5 


358 


84 


S8. 


87 


9646 


6'S 


73 


7-8 


46 


7312 


'73 


78 




67 


544Z 


363 


05 


1-8 


88 


3573 




36 


16. 


47 


"39 


176 


71 


5-8 


67 


9369 


367 


28 


1-4 


8S 


75'» 


636 


80 


1-8 


47 


5.66 


179 


67 


3-4 


68 


3296 


37" 


54 


3-8 


89 


1437 


633 


36 


1-4 


47 


9093 


182 


65 


7-8 


68 


7223 


375 


83 




89 


535^ 


637 


94 


3-8 


48 


3020 


18s 


66 


92. 


69 


IIJO 


380 


13 


5-8 


89 




643 


55 




48 


6g47 


iSS 


6g 




69 


5077 


384 


46 


3-4 


90 


320£ 


649 


18 


S-B 


49 


0874 


191 


75 




1 




388 


S3 


7-8 


90 


7135 


654 


84 


3-4 


4? 


480. 


■94 


83 


3-8 




2931 


393 




SO. 


9' 


1062 


660 


52 


7-B 




8738 


'97 


93 






6S58 


397 


61 


1-8 


91 


4989 


666 


23 


16. 


50 


2655 




06 


5-8 


71 


0785 


403 


04 




9' 


8916 


671 


96 


1-8 


50 


6582 


204 




3-4 


71 


471a 


406 


49 


3-8 


92 


2843 


677 


71 




5> 


0509 


207 


39 


7-8 


71 


8639 


410 


97 




93 


6770 


683 


49 


. 3-8 


5> 


4436 




60 


S3. 


7« 


3566 


415 


48 


5-8 


93 


0697 


689 


30 




5' 


8363 


213 


81 




72 


6493 


420 




3-4 


93 


4624 


695 


13 


5-8 


5* 


1290 


217 


08 


1-4 


73 


0420 


434 


56 


7-8 


93 


855' 


700 


98 


3-4 


52 


6217 






3-8 


73 


4347 


429 


■3 


SO. 


94 


3478 


706 


S6 


7-8 


53 


0144 


223 






73 


8374 


433 


74 


1-8 


94 


6405 


7'2 




17. 


53 


4071 


216 




5-8 


74 




438 


36 




95 


033a 


718 


69 


1-8 


S3 


799B 


230 


33 


3-4 


_Z1 


6128 


443 




3-8 


_2L 


4259 


724 


64 



jvGooi^lc 



TABLE OF SQUARES AND CUBES. 
SgUARES AND CUBES— Gw/iwwrf. 



No. 


Squa™, 


Cube.. 


No, 


Squ*r«. 


Cuba. 


sai 


48841 


10 793 661 


376 


761 76 


31 024 576 




4g3 84 


10941 048 


277 


76729 


31 353 933 


S23 


49729 


11069567 


378 


- 77284 


21 484 952 


324 


SO. 76 


11 239 434 


279 


7784. 


21 717 639 


225 


50635 


I. 390 625 


380 


7 84<» 


31 952 000 


2Z6 


S1076 


II 543 176 


381 


78961 




m 


5 1529 


II 697 083 


382 


7 95 24 


22 435 768 


I2B 


S 1984 


M 853352 


383 


80089 


23 665 187 


aig 


52441 


13 008 989 


384 


80656 


33906304 


230 


5 3900 


12167000 


385 


81235 


23 149 "5 


331 


5 33&1 


12 326 391 


3S6 


8.796 


33 393 656 


23a 


5 39n 


13 487 168 


387 


82369 


33 639 903 


333 


54289 


12 649 337 


288 


82944 


23 S87 872 


"34 


5 47 56 


12 B12904 


389 


83521 


34 137 569 


33s 


55325 


12977875 


390 


84.00 


24 389 000 


236 


5 5696 


13 144 256 


291 


84681 


34643 171 


»37 


56.69 


13 312053 


292 


85264 




33B 


56644 


13481 272 


293 


3 58 49 


35 153757 


»39 


5 713. 


13 651 919 


294 


86436 


35 41! 184 


S40 


57600 


13824000 


295 


3 7035 


25 673 375 


041 


58081 


13 997 531 


396 


376.6 


35 934 336 


342 


58564 


.4 172 488 


297 


8S209 


36 198 073 


343 


5 9049 


14 348 907 


298 


8 88 04 


26 463 59a 


244 


59536 


14 536 784 


299 


89401 


26 730 899 


*45 


60035 


14 706 135 


300 


90000 


27000000 


346 


605 16 


14 S86 936 


3or 


90601 


37 370 901 


347 


6 1009 


15 069 233 


302 


9 13 04 


27 543 608 


34S 


61504 


15 252 992 


303 


91809 


37 818 127 


949 


6 30 01 


15 438 349 


304 


92416 


28 094 464 


350 


62500 


15 635 000 


305 


93025 


28 372 635 


351 


63001 


1581335. 


306 


93636 


38 652 616 


253 


63504 


16 003 008 


307 


9 42 49 


38 934 443 


353 


64009 


16 194 277 


308 


94864 


39318112 


354 


645 16 


16 387 064 


309 


95481 


39 503 6»9 


355 


65025 


.6 581 375 


310 


96100 


39 79" 000 


356 


655 36 


16 777 316 


3" 


96721 


30 060 231 


»57 


66049 


16 974 593 


313 


9 73 44 


30371 32S 


35B 


66564 


17 173 5'2 


3'3 


97969 


30 664 297 


2S9 


67081 


17 373 979 


314 


98396 


30 959 144 


360 


67600 


17576000 


315 


99335 


31 255 875 


361 


6 St 31 


17 779 581 


316 


99856 


31 554 496 


363 


68644 


17 984 738 


317 




31 855 013 


363 


6qi 69 


18 191 447 


3'8 


roll 24 


33 157 433 


364 


69696 


18 399 744 


319 


ro 17 61 


32461 759 


36s 


70235 


18609625 


320 


103400 


33 768 000 


366 


70656 


18 831 096 


331 


ro 30 41 


33 076 i6t 


367 


7.389 


19 034 163 


323 


103684 


33 386 348 


368 


71824 


19 248 833 


323 


10 43 39 


33 698 367 


269 


72361 


19465 109 


334 


10 49 76 


34 012 224 


370 


72900 


19 683 000 


325 


10 56 35 


34 328 135 




73441 


19903 511 


336 


ro 62 76 


34 645 976 




73984 


30 123 648 


337 


106939 


34 965 783 


373 


7 45 39 


20 346 417 


333 


10 75 84 


35 287 553 




75076 


30 S70 B24 


329 


10 S3 41 


35 611 389 


375 


7S6SS 


30796875 


330 


108900 


35 937 00" 



jvGooi^lc 



TABLB OF SQUARES AND CUBES. 





SQUARES AND 


CUBES— Oi/towoL 




No. 


SqUfC 


Cuba. 


No. 


SqiUTH. 


Cuba. 


33^ 


109561 


36364691 


386 


148996 


57 513 456 


33' 


IIOTH 


36594368 


387 


149769 


57960603 


333 


110889 


36 ga6 037 


388 


150544 


58 4" 073 


334 


.111556 


37350704 


389 


15 13 31 


58 B63 869 


33S 


imas 


37 595 375 


390 


15 31 00 


59 319 000 


336 


ii»8g6 


37 933 056 


391 


15 38 81 


59 776 47" 


337 


II 35 69 


38 371 753 


393 


153664 


60 336 3S8 


338 


114344 


38 614 47» 


393 


154449 


6a 698 457 


339 


II 49 ai 


38 958 319 


394 


155336 


61 16a 984 


340 


115600 


39304000 


395 


156035 


61 639 87s 


341 


II ea 81 


39651831 


396 


156816 


6a 099 136 


34a 


116964 


40 001 688 


397 


157609 


63 S70 773 


343 


II 76 49 


40 353 607 


398 


158404 


63 044 793 


344 


118336 


40 707 584 


399 


IS 93 01 


63 531 199 


345 


1190*5 


41 063 635 


400 




64000000 


346 


II 97 16 


41 431 736 


401 


160801 


64 481 301 


347 


110409 


41 781 9M 


40a 


16 1604 


64964808 


348 




43 144 193 


403 


163409 


65 450 837 


349 


laiSot 


43 508 549 


404 


16 33 16 


65 939 364 


350 


iaa5oo 


43 87s 000 


405 


16 40 35 


66 430 '=5 


3SI 


la 32 or 


43 243 551 


406 


16 48 36 


66 933 41& 


353 


133904 


43 614 308 


407 


16 66 49 


67 419 143 


353 


rj4&09 


43 986 977 


408 


166464 


67 917 3i» 


354 


la 53 16 


44 361 864 


409 


16 73 8. 


68 417 939 


355 


laeoas 


44 738 875 


410 


16 8100 


68931000 


356 


11 67 36 


45 I1S016 


411 


16 89 31 


69 436 531 


3S7 


11 74 49 


45 499 393 


411 


169744 


69 934 538 


358 


ia8i64 


45 88a 713 


413 


170569 


70444997 


359 


laSSSi 


46 268 379 


414 


171396 


70957944 


360 




46 656 000 


415 


17 33 85 


71 473 375 


361 


13 03 ai 


47 045 881 


416 


17 30 56 


71 991 296 


362 


131044 


47 437 928 


417 


17 38 89 


73511 713 


363 


13 1769 


47 833 147 


418 


17 47 34 


73 034 633 


364 


133496 


48 228 S44 


419 


17 55 61 


73 560 059 


365 


13 33 35 


48 637 135 


430 


176400 


74 088 000 


366 


133956 


49 037 896 


411 


177341 


74 618 461 


367 


13 46 89 


49 430 863 


433 


178084 


75 151 448 


368 


13 54 34 


49 836 033 


433 ■ 


17 89 39 


75 686 967 


369 


1361 61 


50 343 409 


434 


17 97 76 


76 22s 024 


370 


136900 


50 653 000 


435 


180635 


76 765 635 


371 


137^41 


51 064 811 


4a6 


18 14 76 


77 308 775 


371 


138384 


51 478 848 


427 


183339 


77 854 483 


373 


13 9' =9 


5t 89s H7 


438 


183184 


78 40a 7sa 


374 


13 98 76 


53 313 6a4 


439 


184041 


78 953 589 


375 


14 06 as 


53 734 375 


430 


184900 


79 507 000 


376 


14 13 76 


53 157 376 


431 


18 57 61 


80062991 


377 


14 ai 19 


53 582 633 


433 


186634 


Bo 631 568 


378 


14 a8 34 


54 010 tsa 


433 


18 74 89 


81 183 737 


379 


14 36 41 


54 439 939 


434 


18 83 56 


8 1 746 504 


380 


144400 


54 873 000 


435 


18 93 35 


83 313 875 


38 1 


14 51 61 


55306341 


436 


190096 


8a SSi 856 


38a 


14 59 84 


55 743 968 


437 


190969 


83 453 453 


383 


146689 


438 


191844 


84 037 671 


334 


14 74 56 


56633 104 


439 


19 37 81 


84 604 519 


^35! 


14 Sa as 


56 066 635 


440 


193600 





jvGooi^lc 



TABLE OF SQUARES AND CUBES. 



SQUARES AND CUBES, OF NUMBERS FROM 1 


TO 440. 


No. 


Square*. 


Cubn. 


No. 


Squarn. 


Cube*. 


, 


I 


I 


56 


3136 


175 616 




4 


S 


57 


3' 49 


185 193 


3 


9 


37 


S8 


3364 


195 113 


4 


16 


64 


59 


3481 


SOS 379 


5 


n 


las 


60 


3600 


316000 


6 


3« 


216 


61 


3721 


336981 


7 


49 


343 


62 


3844 


238 328 


8 


64 


513 


63 


3969 


250047 


9 


Si 


729 


64 


4096 


263144 








65 


4235 


374626 






I 331 


66 


4356 


287496 






1728 


67 


4489 


300763 


13 




2 197 


6g 


4614 


314 432 


U 




8 744 


69 


4761 


328509 


IS 


aas 


3 375 


70 


4900 


343000 


i6 


2 it 


4096 


71 


5041 


357911 


17 


289 


4913 


72 


5184 


373248 


i8 


3 34' 


5833 


73 


5319 


389017 


IQ 


361 


6 859 


74 


5476 


405224 




400 


8000 


75 


5635 


431 875 




441 


9 36. 


76 


5776 


438 976 




4S4 


10648 


77 


59=9 


456 533 


23 


529 


12 167 


78 


6084 


474 552 


n 


576 


13824 


79 


6241 


493 039 


«5 


615 


15635 


80 


6400 


Staooo 


s6 


676 


"7 576 


81 


65 Bi 


531441 


a? 


729 


19683 


83 


6734 


551 368 


3% 


784 


3195a 


83 


6889 


571 787 


39 


841 


34389 


84 


7056 


592704 


30 


900 


27000 


85 


72 as 


614 125 


31 


961 


39791 


86 


7396 


636 056 


32 


1024 


33768 


87 


7569 


65B 503 


33 


1089 


35 937 


88 


77 44 


681 472 


34 


II 56 


39304 


89 


79 21 


704969 


35 


1325 


4287s 


90 


8100 


729000 


36 


1296 


46656 


91 


8381 


753 571 


37 


1369 


50653 


92 


8464 


778 688 


38 


1444 


54873 


93 


8649 


804357 


39 


IS 21 


59319 


94 


88 36 


830 584 


4° 


1600 


6400D 


95 


9025 


B57 375 


41 


16 81 


bSgsi 


96 


93 [6 


8B4 736 


4* 


1764 


74!>88 


97 


9409 


912 673 


43 


:is 


79507 


98 


9604 


941 192 


44 


85184 


99 


9801 


970299 


4S 


3035 


91 135 








46 


21 16 


97336 






1 030 301 


47 


2209 


103 823 




10404 


I 061 20S 


48 


2304 


no 592 


103 


10609 


I 092 727 


49 


2401 


117649 


104 


108 16 


t 124 864 


SO 


2SO0 


135000 


105 


1 1025 


I 157 625 


51 


2601 


132 651 


106 


112 36 


I 191 016 


Sa 


3704 


140608 


107 


I 1449 


1 225 043 


53 


28 09 


148 877 


108 


I 16 64 


I 259 711 


54 


39 16 


157 464 


109 


1 1881 


1 295 029 


5S 


3025 


166375 






'331000 



jvGopi^lc 



TABLE OF SQUARES AND CUBES. 









No. 


Squarts. 


CllbB. 


No. 


Sqo««. 


Cubo. 


ttl 


I 23 21 


1 367 631 


166 


27556 


4 574 296 




"25 44 


1 404 928 


167 


27889 


4 657 463 


. "3 


12769 


I 443 897 


16S 


28224 


4 741 633 


"14 


1 2996 


I 481 544 


169 


28561 


4 826809 


115 


t 32 25 


I 520 875 


170 


289W 


4913000 


116 


I 3456 


1 560 895 


17" 


29241 


5000 211 


117 


.3689 


: 60: 613 


17a 


2 95 84 


5 08B 448 


118 


1 39*4 


I 643 032 


"73 


29929 


5 177717 


119 


1 41 61 


I 6S5 159 
: 728000 


174 
175 


30276 
30625 


5 a6S 024 
5 359 375 


izt 


I 46 41 


I 771 561 


176 


30976 


5 451 776 


laa 


14884 


18J5848 


■77 


31339 


5 545 233 


123 


I SI 29 


1 860 867 


178 


3.684 


5 639 752 


184 


15376 


1 906 624 


■79 


3 30 4' 


S 735 339 


125 


I 5625 


I 953 125 


180 


32400 


5833000 


126 


15876 


2000376 


181 


32761 


5 939 741 




16.29 


2 048 383 


1S2 


331 34 


6 028 568 


128 


16384 


2 097 152 


183 


3 34 89 


6 1 23 487 


119 


16641 


2 146 689 


184 


33856 


6 229 504 


130 


16900 


2 197000 


■85 


34225 


6 33" 625 


131 


17. 61 


2 248 091 


186 


34596 


6 434 856 


13s 


1 7424 


2 299 968 


t87 


34969 


6 539 203 


"33 


17689 


3 353 637 




3 53 44 


6 644 673 


134 


I 7956 


2 406. 104 


189 


3 5731 


6 751 269 


135 


1822s 


3 460 375 


190 


36100 


6S59000 


136 


I 84 96 


3515456 


191 


36481 


6 967 871 


137 


18769 


3 571 353 


192 


36864 


7 077 888 


13S 


19044 


2 628 072 


193 


3 7249 


7 189 057 


139 


193" 


2 685 619 


,94 


37636 


7 301 384 


140 




2744000 


195 


3 8(1 25 


74.4875 


141 


I 98 8? 




■96 


38416 


7 529 536 


142 


20164 


a 863 288 


197 


38809 


7 645 373 


»43 


30449 


2 924 ao7 


.98 


39204 


7 762 392 


144 


20736 


2 985 984 


199 


39601 


7 8S0 599 


145 




3 048 625 








146 


Vn^X 






40401 


8 120 601 


147 


3 1609 


3 176533 




40804 


S 242 408 


J48 


a 1904 


3 341 79a 


203 


41209 


8 365 427 


149 


a 22 01 


3307949 


ao4 


4 16 16 


8489664 


150 


22500 


3375000 


20s 


4 30-3S 


8615 125 


151 


22801 


3 442 951 


206 


42436 


8741 816 


153 


23104 


3511808 


207 


42849 


8 869 743 


•53 


23409 


3 581 577 


208 


43264 


8 998 91a 


154 


= 37 16 


3 65a 264 


209 


43681 


9 129 339 


J55 


24025 


3 723 875 




44100 


9261 000 


1S6 


24336 


3 796 416 




4 45 21 


9 393 931 


157 


24649 


3 869 893 




44944 


9 528 laB 


158 


34964 


3 944 312 


ai3 


45369 


9 663 597 


159 


25281 


4 019 679 


314 


45796 


9800344 


160 


25600 


4096000 


315 


46225 


9 938 375 


161 


25921 


4173281 


216 


46656 


10 077 646 


162 


26244 


4 351 538 


217 


47089 


102.83.3 


163 


26569 


4 330 747 


218 


47524 


10 360 23a 


164 


26896 


4410944 


21Q 


47961 


10 503 459 


165 


27225 


4 J92 15? 




48400 


10 648 000 



jvGooi^lc 



TABLE OF CIRCLES. H', 

CIRCUMFERENCE AND AREAS OF CIRCLES— Owh'ffKA/. 



Diam. 


Circnmf. 


a™. 


Dum. 


Circnmf. 


K^ 


!>,.=. 


Circoml. 


Area. 


ao. i-a 


95 8l86 


730 63 


ST. 


116.239 


I07S.2 


U. '-2 


136659 


.486.2 


5-8 


96 




736 


6a 


18 


tl6 


632 


T082 




5-8 


'37 


052 


'494 


7 


3-4 


96 


OT^ 


742 


64 


1-4 


"7 


024 


1089 




3-4 


137 


445 


1503 


3 


7-8 


96 


748 


69 


3;8 


117 


4'7 


T097 




7-8 , 137 


837 


'S'l 




SI. 


97 




754 


77 




"7 


810 


i'04 




*4, 138 


230 


1520 


5 


1-8 


97 


jin 


760 


87 


S-8 


1)8 








.-8 : :38 


623 


"529 




1-4 


98 


174B 


766 


99 


3-4 


118 


596 


III9 




1-4 139 


otS 


1537 


9 


3-8 


98 


5675 


773 


'4 


7-8 


118 


983 


1126 




3-8 


"39 


408 


'546 


6 


1-2 


98 


9601 


779 


31 


SS, 


119 


38. 


"34 






139 


801 


1555 


3 


5-8 


99 


35*9 


78s 


51 


i-e 


119 


773 


1141 




S-8 


140 


'94 


,564 




3-4 


99 


7456 


791 


73 






i66 


"49 




3-4 


140 


586 


'572 


8 


7-8 




'38 


797 


98 


3-8 




559 


1156 




7-8 


140 


979 


"58. 


6 


SS. 

t-a 


™ 


53' 
9^4 


804 
810 


25 

54 


5-8 


J21 


951 
344 


1164 
1171 




48. 

1-8 


141 

141 


372 
764 
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ble system now known 



Construction. 



In th« New Schedule for ratiog risks, adopted by the Kationat Board of 
Underwriters, November, 189B, 
a reduction in rate is made oa 
all buildings that make use of 
the Goetz methods. 
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s^ND TO HOME OKKICE, 

Ro. TO STATE STRBBT, NEW ALBANY, INS., 

for details and catalogue in which this self-releasing method of anchoring Is 
a^iplied to various conditions. 
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This work includes the description and practical workings 
details of Cast Iron, Wrought Iron, and Steel Columns in the 
construction of the skeleton frame, and their connections with 
the Floor and Curtain Wall Girders; Stability of the Structure; 
Wind Bracing, i.e.. Knee and Lateral Bracing; Construction of 
Joints; Experiments on the Strength of Cast Iron, Wrought Iron, 
and Steel Columns, such as Z Bar Columns, Phoenix Columns, 
Plate and Angle Columns, and various commercial rolled shape 
columns ; Floor Framing in the Skeleton Construction, 

New York Building Law of 189a in relation to the Skeleton 
Frame and Curtain Walls. The same law in relation to the 
strength of Cast Iron, Wrought Iron, and Steel Columns. 

Illustration and Calculation of the Columns, Floor Plans, 
Tables of Material, Specification, Stairways, Elevators, and 
Roofs in buildings using Cast Iron, Wrought Iron, and Steel 
Columns as a skeleton frame, such as "The New Netherlands," 
a seventeen-story building with nineteen tiers of beams; the 
Home Life Insurance Building, and others. 
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emiata. (In Press.) 

ir Dental Students Svo 
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a DescripUve General Cha 
mentory Lessons in Heat . 
's QuaJitative Analysis. ( 
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Van Deventer's Physical' Chemistry lor Beginners. (Boltrood.!.... 
Venable's Methods and Devices fcr Bacterial Treatment of Sewage, 
Ward and Whipple's Freshwater Biology. (In Press.) 


.Vamo 
,..8vo 
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3 00 


Vol.11 

Washinsoi's Manual of the Chemical Analysis of Rocks 


..8vo 
..8vo 


2 00 


Short Course in Inorganic Qualitative Chemical Analysis for Eogi 


neering 
.l2mo 


1 60 


Text-book of Chemical Arithmetic 


125 


Wilson's Chlorination Process 


.12mo 
.12mo 


1 60 
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CIVIL EnGIHEERinG. 






iciples 



Higher Surveying. 

' ■ Butt's Ancient and Modem Engineering and the Isthmian Ce 

Comstock'a Field Astronomy for En^neers 

■Corthell's Allowable Pressure on Deep Foundations 

Crandall's Teri-boolt on Geodesy and Least Squares 

Davis's Elevation and SUdia Tables 

Elliott's Engineering for Land Drainage 

Practical Farm Drainage (Second Edition Rewritten.). . 

• Piebeger'B Treatise on Civil Engineering, 

Flemer's Photographic Methods and Instruments 



• Hauch e 
Hayford' 



'sSewe 



(Desi 



'5 Tables c 
>V of Geo 



f Ouantit 



s Ready Reference Tables (Conversion Factors.) 18mo. i 

Mosmer's Aiimuth Iflmo. r 

Howe' Retaining Walls for Earth IBmo, 

•Ives's Adiustments of the Engineer's Transit and Level 18mo, bds. 

Johnson's (J. B.) Theory and Practice of Surveying. Large 12ino, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods ! 

Kinnicult, Winslow and Pratt's Purification oC Sewage. (In Preparatioi 

*Mahan'3 Descriptive Geometry.. t 

Merriman's Elements of Precise Surveying and Geodesy I 

Merriman and Brooks's Handbook for Surveyors 18mo, n 

Nugeot's Plane Surveying. i 

Ogden's Sewer Construction * 

Sewer Design 12 

Parsons's Disposal of Municipal Refuse ( 

Patcon's Treatise on Civil Engineering 8vo, half leather. 

Reed's Topographical Drawing and Sketching 

Rideal's Sewage and the Bacterial Purification of Sewage 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Pede.) 

Siebert and Biggin's Modem Stone-cutting and Masoory 

Smith's Manual of Topographical Drawing. (McMill»-i.) 8vo, 



ovGoo'^lc 



Venable's Garbage CremaWries in America 

Methoda and Devices for Bacterial Treatment of Sewage. 

il Jurisprudence 8vo, 



3 00 

4 00 
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3 00 



2iXet inches, D 



Wilson'B Topographic Surveyingr - . 



BRIDGES AND ROOPS. 

Boiler's Practical Treatise on the Construction of Iron Highnay Bridges.,8vc 
* Thames River Bridge ■'■'■' , ■ ■ Oblong papei 

Burr and Pslk's Denen and Constniction o( Metallic Bridges gvo. 

Influence Lines f nr Bridge and Roof CompuCationi ~ 

DuBois's Mechanics of Engineering. Vol II Sma 

Poster's Treatise on Wooden Tnatle Bridges. 

y Fopndationa. . , , ,.,-.--.-.-.-..-.. 8vo, 
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's Theory and 



Wsddell's De Pontibus, Pocket-book for Bridge Bnffneen. Ifin 

• Specifications tor Steel Bridges 

Waddell and Hamngtxwn's Bridge Engineering. (In Preparation.) 
Wright's Desigoingof Draw-apans. Two parts in one volume. 



HYDRAULICS. 



Baiin's Experiments upon the Contraction of the Liquid Vein Issuii 

an Orifice. (TranCwine.) 

Bovey's Treatise on Hydraulics. 

Church's Diagrams ol Mean Velocity of Water in Open Channels. 



2 eo 
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■, 10 00 
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Coffin's Graphical Solution of Hydraulic Froblems. lemo. m 

Plalher'a Dynamoinetefs, and the UcasiuemeDt of Power. 1211 

PriHirs Water-power .'i!!! !!!!!" 1 ! !!!!!;!!! ^i! !!!!!! » 

Fuertea'a Water and Public Health 12ii 

Water-filtration Works. 12= 

Ganguillet and Kutter's General Formula far the Uniform Plow of Water 

Rivers and Other Channels, (Hering and Trautwine.) 8- 

Haien's Clean Water and How to Get It Large 12n 

Filtration of Public Water-supplies..,. 8' 

Haielhurst's Towers and Tanks tor Water-works 8' 

Herschers llGExperimentson the Carrying Capacity of Large, Riveted, M 

Hoyt and Graver's River Discharge. .. .'. '.'.'. ...S- 

Hubbard and Kiersted's Water-works Management and Maintenance. 

•Lyndon's Development and Electrical Distribution of Water Powe 

8' 
Mason's Water-supply. (Considered PrincipaHy from a Sanitary Stai 

Memmans Treatise on Hydraulics. 8' 

• MoUtor'a Hydraulics of Rivers. Weirs and Sluices 8' 

• Richards's Laboratory Notes on Industrial Water Analysis 8' 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Wat 

supply. Second Edition, Revised and Enlarged L^rge 8' 

» Thomas and Watt's Improvement of Rivers 4 

Turoeaureand Russell's Pnblic Water-supplies 8< 

■Wegmann's Design and Cooatruction of Dams. 5th Ed., enlarged 4 

Water-supply of the City of New York from 1958 to I8B5 4 

Whipple's Value of Pure Water Large 12n 

WilHams and Haien's Hydraulic Tables 8' 

■Wiison'B Irrigation Engineering. 8- 

Wood's Turbines 8' 

MATERIALS OP ENGINEERING. 

Baker's Roads and Pavements 8' 

Treatise on Masonry Construction .8' 

Black's United States Public Works Oblong 4 

Blanchard's Bituminous Roads, {In Press.) 

Bleiningei's Manufacture of Hydraulic Cement. (In Preparation.) 

•Bovey's Strength of Materials and Theory of Struclutea 8' 

Butt's Elasticity and Resistance of the Materials of Engineering ..8' 

Byrne's Highway Construction 8' 

Inspection of the Materials and Workmanship Employed in Construct! 

18n 

Church's Mechanics of Engineering. 8' 

Vol. I. Kinematics, Statics, Kinetics Small 4 

Vol. II. The Stresses in Framed Structures, Strength of Materials a 
Theory of Fleiures Small 4 

• Eckel's Cements, Limes, and Piasters 8- 

Fowler's Ordinary Foundations 8' 

• Greene's Structural Mechanics 8' 

•Holley's Lead and Zinc PigmenU Large 12mo, 

Holley and Ladd's Analysis of Mixed Paints, Color Pigments and Varnish, 

Large 12m 
Hubbard's Dust Preventives and Road Binders. (In Preparation.) 
Johnson's (C. M.) Rapid Methods tor the Chemical Anaiysisof Special Steels, 

Steel-making Alloys and Graphite Large I2mc 

Johnson's (J. B.) Materials of Construction Large 8v<: 

Keep's Cast Iron Svt 

Lanza's Applied Mechanics. .,,,...... -,.,.,..,.,... 8vc 

Lowe's Paint for Steel Structures 12mi 



3 00 

i 00 
5 00 
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_ ir Vehicles 

m Teiting Matoiala. (Henning.) 2 vols 

echanics 8vo. 

Merrill's Stones for Building and Decoration 

Ueniman's Micbanics of Materials. 

• Stronglh of Materiais 

Metcalf '9 Steel. A Manual for Steel-uaen 

Morrison's Highway Engineering. 

Pslton's Practical TreatiH on Foundation! 

Rice'G Concrete Block Manufacture 

Richardson's Modem Asphalt Pavements 

Richey's Building Foreman's Pocket Book and Ready Reference. Iflim 



-y of the Clay-working Industry of 1 
ie Technology of Paint and Varnish, 



1' Ready 
le United 



Spalding's HydrauHc Cement 12mo 

Text-book on Roads and Pavements. 12nio 

Taylor ojid Thompson's Treatise on Concrete, Plain and Reinforced 8vo 

Thurston's Materials oE Engineering, In Three Parts 8vo 

Part I. Non-metallic Materials of Engineeriog and MeUllurgy.. , .8vo 

Part II. Iron and St«el Svo 

Part III. A Treatise on Brasses, Bronzes, and Other Albys and theii 

Tillaon's Street Pavements and Paving Materials 8vo 

• Trautwine's Concret*. Ptain and Reinforced l6nio 

Tufneaure and Maurer's Principles of Reinforced Concrete Construction 

Second Edition. Revised and Enlarged, , , 8vo 

Waterbiiry'a Cement Laboratory Manual 12mo 

■Wood's (De V,) Treadse on the Resistance o£ Materials, and an Appendin or 

the Preservation of Timber Svo 

Wood's (M, P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 



Andrews's Handbook for Street Railway Engineers 

Berg's Buildings and Structures of American Railroads. 

Brooks's Handbook of Street BUilroad Locadon 

Butts's Civil Engineer's Field-book 

Crandall's Railway and Other Earthwork Tables 



d Hiiti 






!. RaihDBdSi 



'eying and Geodesy 
ifli 



Holitor and Beard's Manual for Resident Engineers.. 

Nagle's Field Manual for Railroad Engineers 

•Orrock's Railroad Structures and Estimates. 

Philbrick'a Field Manual for Engineers 

Raymond's Railroad Engineering, 3 volumes. 

Vol. I. Railroad Field Geometry. (In Preparation.) 

VoL II. Elements of Railroad Engineering 

Vol III, Raikoad Engineer's Field Book. (In Preparation. 
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■ Method of Calculating the Cubic ContenU of Excavations uid 

bankmaits by the Aid of DiaBramB. , , ^ . . . . . . — 

Webb's Economics of Railroad Conslructinn Large II 

Railroad Construction 18mo. i 

Wellington's Economic Theory of the I^ocation of Railways Large 11 

Wileoo'B EtemenU of Railivad-Track and CanstnictioD V. 
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2 00 
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Abridged Ed Svo, 

>raw]ne,- ,,.,.,..,..,......... 8vo, paper, 

's Eleoieiila of Geoeral Drafting for Hech«nical Engi- 



ta Application. .... .8vo, 



Dtirley's Kinematics of Uachines. ..... 

Emch's Introduction to Proiective Geon 

French nod Ives' Siereoiomy 

Hill's Textbook on Shades and Shadows, and Perapectlve . . . 

Jamison's Advanced Mechanical Drairing. Svo. 

Elements of Mechanical Drawing 

Jones's Machine Design : 

Part I. Kinematica of Machinery. 

Part IL Form. Strength, and Proportions of Parti. . , 

Kimball and Barr's Machine Design 

MacCord's Elements of Descritpive Geometry 



V Practical Mechanism. 
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le Design. .8 



Elements of Mechanism S^ 

:'s Machine Design -,.,.-- ,-...,-..-.-,-. .S> 

if Topographical Drawing. (McMillan.) 8i 

it Mechanical Drawing Oblong 8\ 

Wairen's Drafting Instruments and Operations 12n 

Elements of Descriptive Geometry, Shadows, and Perspective S\ 

Elements of Machine Construe tion and Drawing 8i 

Elements of Plane and Solid Piee-hand Geometrical Drawing 12mo, 

General Problems of Shades and Shadows 

Manual of Elementary Problems in the Linear Penpective of Forms and 

Shadow 13mo, 

Manual of Elementary Projection Drawing 12mo, 

Plane Problems in Elementary Geometry IZi 

Problems. Theorems, and Examples in Descriptive Geometry S 

Weisbach's Kinematics and Power of TraosmlBsion. (Hermana i 

Klein.) - 8 

Wilson's (H, M.) Topographic Surveying, 8 

•Wilson's (V. T.) Descriptive Geometry 8 

Pree-hand Lettering B 

Free-hand Perspective 8 

Woolfa Elementary Course in Descriptive Geometry Large S 

10 
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ELECTRICITY AHD PHYSICS. 

• Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12 

Andrews's Hand-book for Street Rsilwsy Engineering 3XG inches, r 

Antbony and Brackett's Text-book of Physics. (Magic.) La^ 12 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measi 

ments 12 

Benjamin'8 History of Eleetlioity. 1 

Voltaic Cell 1 

Betta'sLead Refining an d Electrolysis { 

Classen's Quantitative Chemical Analysis by Electrolyiis. (Boltwood.).! 

• Collins's Manual of Wireless Telegraphy and Telephony. 12 

Ctehoreanti Squier's Pclariiins Photo-chronograph i 

' Dannecl's Electrochemistry. (Merriam.) 12 

Dawson's "Engineering" anrl Electric Traction Pocket-book l«mo, n 

Dolezalek's Theory of the Lead Accumulator (Storage Battery), {von En 

Duhem's Thermodynamics and Chemistry. (Burgess.) E 

Plather's Dynamometen. and the Measurement of Power. 12 

Getman's Introduction to Physical Science. 12 

Gilbert's De Magneto, (Mottelay ) t 

• Hanchetl's Allamating Currents 12 

Henng's Ready Reference Tables (Conversion Pnctors) lemo. □ 

• Hobart and Ellis's High-speed Dynamo Electric Machinery f 



• Karapetofl's Eiperi 
Kinzhrumier's Teatin( 
Landauer's Spectrum 
Le Chalelier's High-te 
Lab's Eleetrochemisti 



of Mea 



thod, Adjustments, and Tests. . . .Large 8i 

Cnngle.) 8yo; 

imenta. (Boudouard — Burgess.)L2mo. 3 



■ of Organic Compounds. (Loreni.) 









Isof fl 



Morgan's Outline of the Theory of Soluti 
• Physical Chemistry for Electrical 1 

• Notris's Introduction to the Study of I 
Harris and Dennison's Course of Problem 

Circuits and Machines. (In Prees.l 

• Parshall and Hobart's Electric Machm< 
Reagan's Locomotives^ Simple, Compou 

• Rosenberg's Electrical Engineering. (1 
Ryan, Korris, and Hoiie's Electrical Ma 
Schapper'a Laboratory Guide for Studen 

• Tillman's Elementary Lessons in Heal 

Tory and Pitcher's Manual of Laboratory Physics, 
Hike's Modem Electrolytic Copper Refining 



3 Power,.! 
I.andII.8vo,e 



uie Gee— Kinzbrunner.). .: 
Physical Chemistty 12 
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Dudley's Military Law and the Procedure of Courts-nu 
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utial. .Large 12mo, 
Iflmo, mor. 
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HATHEIUTICS. 

Baker'9 Elliptic Function* 8y. 

Briggs's Blementa of Flane Analytic Geometry. (BScher.) 13mc 

* Buchanan's Plane and Spherical Tri£ononietr7' ....-..,...-.-..<,<. Svi 

Byerley'e Harmonic PonctioDB 8v< 

Chandler's Elements of the Infinitesimal Calculus 12n« 

■ Coffin's Vector Analysis. I2mi 

Compton's Manual of Logarithmic Computations. L3m< 

• Dickson's College Algebra Large 12m( , 

* Introduction to the Theory of Algebraic Equations Large 12mo, 

Bmcb's Introduction to Projective Geometry end its Applical ~ 

Piske's Functions of a Complex Variable. gvo. 

entary Synthetic Geometry. , ^ , ^ -.-.-. ^ . 

if Geometry. 



HiLlEted 



*Ratioi 






Synthetic Projective Geometry 

Hyde's Grassmann's Space Analysis. ....-..,-., 
• Johnaoo'! (J. B.) Three-place Logarithmic Tablf 



. , 12m( 



heavy cardboard. 8 X 1 



Curve Tracing in C 
Differential Equatii 



Karap 



off! 



irtesian Co-ordinates I2mi 

;on Differential Calculus Large 12mo. 

Bon the Integra! Calculus Large 12nio. 

id the Uethiviof Least Squares 12m< ' 

tial Calculus. , , Large ISnu 

!gral Calculus Large 12mi 

y and Partial Differential Equations. . .Large 12mi 
g Applications of Higher Mathematica. 

Laplace's Philosophical Essay on Probabilities, (Truscott and Emory. ) . 12mo, 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo. 

• Trigonometry and Tables published separately Each, 

• Ludlow's Logarithmic and Trigonometric Tables. 8vo, 

HcMahon'a Hyperbolic Funciiona , , .Svo. 

Manning's Irrational Numbers and their Representation by Sequences and 
Series 12mo. 

Uathematical Monographs. Edited by Mansfield Mecriman and Robert 

S. Woodward Octavo, eacb 

No. 1. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3, Determinaats. by Laenaa Gifford Weld. No, 1. Hyper- 
bollc Functions, by James McMahon. No. S. Harmonic Func- 
tions, by William E. Byeily. No. 6. Grossmonn's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. B. Vector Analysis and Quateraioas, 
by Aleitander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of EquatioDi; 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S, Fiske. 

Maurer's Technical Mechanics 8vo, 

MerritnaB's Method of Least Squares 8vo, 
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• 'WBlerbury's Vest Pocket Hand-book of MathemaWcB for Engineers. 

2iXa| inches, mor, t 

• Enlarged Edition. Including Tablea mor. 

Weld's Determinanls Svo, 

Wood's Elements of Co-ordinate Geometry, Svo, : 

Woodward's Probability and Theory of Errors. Svo, 



HECHAinCAL ENGIREERING. 



MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 



Bacon's Forge Practice 
Baldwin's Steam Heati 
Ssrr's Kinematics of V 







Clerk-s Gas and OU Engin 


tNew edit 


Compton 


First Lessons in 


Metal Work 






Speed Lathe. 


CooUdge's 


Manual of Dran 





Geenrol Drafting for MechaQic 
Oblo 



Coohdge ai 

Cromnell's Treatise on Belts 

Treatise on Toothed Gearing. 
Dingey's Machinery Pattern Making. 
Durley's Kinematics of Machines. . . 
Planders's Gear-cutting Machinery. . 
Flather's Dynj 

Rope Driving. -.-....-.-.-...............,. 

Gill's Gas and Fuel Analysis for Engineers. 

Gosa's Locomotive Sparks 

Greene's Pumping Machinery. (In Preparation.) 
Herine's Ready Reference Tables (Conversion Factors). . . 
■ : and Ellis's Hi^ Speed Dynamo Electric Maohint 



Hutic 



s AdvB 



:ed Meel 
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, Strength, 



MacbinHy 

Book... 
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Kent's Mechan 

Kerr's Power and Power Transmission 8vc 

Kimball and Barr's Machine Design 8v< 

* Levin's Gas Engine 8v< 

Leonard's Machine Shop Toob and Methods Svi 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean)..Svi 
MacCord's Kinematics; or, Practical Mechanism. Svi 

Mechanical Drawing. 4ti 

Velocity Diagrams 8v( 

MaoFarUnd's Standard Reduction Factors for Gases Svi 

Mahan's Industrial Drawing. (Thompson.) 8vi 

Uehrtena's Gas Engine Theory and Design Large 12m< 

Oberg's Handbook of Small Tools Large 12m( 

* Parsball and HobaiC's Electric Machine Design. Small 4to, half leather 

Peele's Compressed Air Plant for Mines. 8vc 

Poole's Calorific Power of Fuels. . 
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e Motor, and the Laws of Ea«| 

1 

Ji Uachinery and Mill Work . . 



Warren's Elemen 



□cket Hand-book of Mathemi 



MATERIALS OF EHOUEERIRG. 



• Bovey'B Strength o 
Burr's Elasticity and 
Chunh's Mechanics c 

• Greene's Simcturai 

• Holley's Lead and : 
HolleyandLadd'sAi 



■j Cast tron 

a's Applied Mech 
iS Modem Pigme 



>f the MaCeriali of E 



i Chemical Analysis of Specii 
raphite Large 12ini: 



ats and their Vehicles. . . 
of Mateciala. . - 



Metcalf'a Steel, A Mannal for Steel-users. 

Sabin's Industrial and Artistic Tschnology of Pair 

Smith's ((A. W.) Materials of Machines. 

* Smith's (H. £.) Strength of Material 
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t III. A Treatise on Brasses, Bronies, and Other Alloys and t 
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Wood' 


(M. P.) Rustless CoaHngs: Corrosion and Electrolysis of Iron 



STEAH-EIfOIHES AND BOILERS. 



Chase's 
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Ctaghton's Steam-s 

Ford's Boiler Uakint 
• Gebhardt'a Stram 
Goss'b Locomotive P 



Knea: 



ig" and Electric Traction 

for Boiler Malieis 

Dwer Plant Engineerini. . 

rformanee 

r Practice and Steam-engii 

eerins of Power Plants. . . 

Theory of ttie Injector. . . 

: ConetrucCion 



MacCord'a SUd 

Heyer's Modem Locon 

Moyer's Steam Turbine. 

Peabody's Manual of the Steam-engine Indicator. . . . 

Tables of the Properties of Steam and Otber Vapors and Temperature- 
Entropy Table 8vo. 

Thermodynamics of the Steam-engine and Other Heat-engir 
Valve-gean for Steam-engioes 

Peabody and Miller's Steam-boilers 

Pupin's ThermodynaniitB of Reversible Cycles in Gases and Satun 

(Osterberff.). ..-.-.----.-,.-.-.. 12mo, 

Reagan's Locomotives: Simple. Compound, and Electric. New Edition. 

I-arae 12mo. 

Sinclair's Locomotive Engine Running and MooogemeDt 12mo, 

Smart's Handbook of Engioeetlna Laboratory Practice 12ino, 

Snow's Steam-boiler Practice 

Spangler's Notes on Thermodynami 



d Marshall's Elements of 



'i Handbook of Engii 



d Boiler Trials, and the Use of the Ind 



Part 1. History, Structure, and Theory 8vo 

Part II. Design, Construction, and Operation 8vo 

'Wehrenfenning's Analysis and Softening of Boiler Feed-water. (Patterson.) 

8vo, 

Weisbach's Heat. Steam, and Steam -eoginea. (Du Bois.) 8vo, 

d Refrigerating Machines. . .8vo, 



food's Thermodyaamics. Heat Motors, 



MECHABICS PURE AND APPLIED. 

:li'a Mechanics of Engineering 

4otes and EjcampleG in Mechanics 

'a Teit-book of Elementary Mechanics for CoUeges and Schools .12rao, 



II Small 41 



Lson'i <W. W.) Theoretical Mechanics 

's Applied Mechanics. . 

bill's Text Book on Mechanics, Vol. I, Statics. 

• VoL 11, Kinemi 

r's Technical Mechanics 
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* Uicliie'i Elements of Analytical Hechanln. . 

Robiosoii's Principles of Mechanism 

Sanborn's Mechanics Problem! 

Schwamb snd Merrill's Elements of Mechanism 

Wood's Elements of Analytical Mechanics. . . . 

Principle! of Elemealaiy Mechanics 



MEDICAL. 

* Abderhalden's Physiolosical Chemistry in Thirty Lectures. (Hall a 



von Behring's 
Botduan's Imn 
Bordet'i Studies 



Daven 



'g Statistical Methods with Special Reference to Biological V 

16mo. 

unity. <BolduBn.). 



Ehrlich's Collected Studies on Imi . . 

* Fischer's Physiology of Alimentation LarBfl l^ 

de Pursac's Muiual of Psychiatry. (Bosanoff and Collins.).. . .Large 1^ 

Hammanten's Text-booli on Physiological Chemistry. (Mandel.) 

Jackson^s Directions for Laboratory Work in Physiological Chemistry. . 

Lassar-Cohn's Practical Urbi=ry Analysis. (Loreni.) 1^ 

Uandel's Hand-book for the Bio-Chemical Laboratory IS 

• Pauli's Physical Chemistry in the Service of Medicine, (Fischer.).. 11 
*- ■" ■ Toxins and Venoms and their Antibodies. (Cohn.). . 12 






1 of Hun 



s in Prescriptions 

and patholoRical Chemistry. (Omdorff.) 



;mbryolc 



. .12ni 



Smith's Lecture Notes on Chemistry for Dental Students. 

* Whipple's Tyhpoid Fever, Large 12mo, 

• Woodhull's MiUtary Hypene for Officers of the Line Large 12mo, 

• Personal Hygiene. 

Worcester and Atkinson's Small Hospitals Establishment and Malnt 
and Suggestions for Hospital Architecture, with Plans for 
Hospital 



KBTALLURGT. 



Betts's Lead Refining by Electroly^ . . 

Bolland's Encyclopedia of Potmding one 

In the Practice of Mouldins- - - 



Supplement 

Douglas's Untechnlcat Addresses on Technical Subjects. 

Goesel's Minerals and Uetals^ A Reference Book lOmo 

• lles's Lead-smelting 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite. Large 12mo. 

Keep's Cost Iron 8' 

Le (^hateHer's High- temperature Measurements. (Boudouard — Burgeos.) 



Uetcalf'B Steel. A Manual for Steel-ui 
Hinet's Production of Aluminum and i 
* Ruer's ElemenU of Metallography. 

Smith's Materials of Machines 

Tate and Stone's Foundry P 



..12m 



In Three Puts. . 



Part L Non-metallic Materials ol 

Part II. Iron and Steel. Bvo, 

Part III. A Treatise on Braans, Bronses. and Other Alloft and their 
Constituents Svo. 
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11 Electrolytic Copper Refining. 

ican Foundry Practice 

b' Text Book 
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MINERALOGY. 

BsBkerville's Ctiemical Elements. (In Prepajstion.) 
* Browning's Introduction to the Rarer Elements. . , 
Brush's MsnuBL of Detenniofttive Mineralogy. (Pen 

Butler's Pocliet Hand-book of Minerals 
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Manual of Mineralogy a 

Minerala and How to SI 

System of Mineralogy. . 

Text-book of Mineralo? 
Douglas's Untechnical 

Eakle's Mineral Tables ( 

Eckel's Stone and Clay Products Used in Engineering. (In Preparation 

Goesel's Minerals and Metals; A Reference Book lemo. r 

Grotb's Introduction to Chemical Crystallography (Marshall) 12 

• Hayes's Handbook for Field Geokigists jamo. c 

Iddings's Igneous Rocks ( 

Rock Minerals 8vo. 
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■ Beard'i Mine Gasea and Explosions. 

• Crone's Gold and Silver 

• Index of Mining Engineering Litersinre. 

Mining Methods. (Iti Press.) 
Douglas's Untechnical Addresses on Technical Subjects. . . . 

Efssler's Modem High Eiploaives 

Goesel's Minerals and Metals' A Reference Book 

Ihlseng's Manual of Mining. 

• lles's Lead Smelting 

Peele's Compressed Air Plant for Mines 

Riemer's Shaft Sinking Under Dillietilt Conditions. (Comini 

• Weaver's Military Explosive*. 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritti 

Treatise on Practical and Theoretical Mine Ventilation 
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Puerles's Water -filtratioir Works 

Water and Public Health 

Gerhard's Guide lo Sanitary Inspections 

* Modem Baths and Bath Houses 

Sanitation of Public Biiildinaa 
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Hweo'B Clean Water and How to Get It 

Filtration of Public Water-supplies 

Klnnicut, Winslow and Pratt's PurificatioD of Sewage. (In Preparat 
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Rideal'B Disinfection and the Preservation of Food Sv. 

Sewage and Bacterial Purification of Sewage. 8vi 

Soper's Air and Ventilation of Subways 12mi 

Tumeaureand Russell's Public Water-supphes. Svi 

Venable's Garbage Crematories in America. 8vi 

Method and Devices for Bacteria] Treatment of Sewage Sv. 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8v, 

♦ Typhoid Fever Large 12mi 
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Motcolfe's Cost of Maaufactures, and the Ada 
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Sicketts'i History of Renaaelaer Polytecbnic 



A Collection of Publlabed Papen cm Or- 



1824-1804. 
Large 8vc 



Roth«hain'a Emphasised New Testament 
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